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    Raxol Core

Core behaviours, utilities, events, config, accessibility, and plugin infrastructure for Raxol. One runtime dependency (telemetry).
Install
{:raxol_core, "~> 2.8"}
What's included
	Behaviours: BaseManager, BaseRegistry, BaseServer, Lifecycle, Metrics, StateManager
	Runtime.Log: Centralized structured logging with context, timing, and module detection
	Utils: Debounce, ErrorPatterns, GenServerHelpers, TimerManager, TimerUtils, Validation
	Events: EventManager, subscriptions, telemetry adapter
	Config: Config, ConfigServer, ConfigStore
	Accessibility: Screen reader support, announcements, focus management, metadata registry
	Focus/Keyboard: FocusManager, KeyboardShortcuts, KeyboardNavigator
	Standards: CodeGenerator, CodeStyle, ConsistencyChecker
	Preferences: UserPreferences with debounced persistence
	Plugin Infrastructure: Plugin lifecycle, registry, supervisor, security (BEAM analyzer, capability detector), command system, dependency resolution, event filtering
	Error Handling: ErrorHandler (macros), ErrorHandling (safe_call), ErrorRecovery (circuit breaker, retry, cleanup)
	I18n: Internationalization server
	Telemetry: TraceContext

Usage
GenServers defined here are started by the parent application's supervision tree. This package does not auto-start any processes.
# In your Application supervisor
children = [
  Raxol.Core.Events.EventManager,
  {Raxol.Core.UserPreferences, [name: Raxol.Core.UserPreferences]},
  Raxol.Core.Runtime.Plugins.PluginSupervisor
]
See main docs for the full Raxol framework.


  

    
Raxol.Core.Accessibility 
    



      
Refactored Accessibility module that delegates to the unified GenAccessibilityServer.
This module provides the same API as the original Accessibility module but uses
a supervised GenServer instead of the Process dictionary for state management.
Migration Notice
This module is a drop-in replacement for Raxol.Core.Accessibility.
All functions maintain backward compatibility while providing improved
fault tolerance and functional programming patterns.
Benefits over Process Dictionary
	Unified state management across all accessibility features
	Supervised state with fault tolerance
	Pure functional transformations
	Announcement queuing with priority
	Better debugging and testing capabilities
	No global state pollution

Consolidated Modules
This refactored version consolidates functionality from:
	Raxol.Core.Accessibility
	Raxol.Core.Accessibility.Announcements
	Raxol.Core.Accessibility.Metadata


      


      
        Summary


  
    Functions
  


    
      
        announce(message, opts \\ [])

      


        Make an announcement for screen readers.



    


    
      
        announce(message, opts, user_preferences_pid_or_name)

      


        Make an announcement with user preferences (behaviour callback).



    


    
      
        announce_activation(component_id)

      


        Announce component activation.



    


    
      
        announce_sync(message, opts \\ [])

      


        Announce with synchronous confirmation.



    


    
      
        announce_value_change(component_id, old_value, new_value)

      


        Announce value change.



    


    
      
        any_feature_active?()

      


        Check if any accessibility feature is active.



    


    
      
        clear_announcement_history()

      


        Clear announcement history.



    


    
      
        clear_announcements()

      


        Clear all announcements (behaviour callback).



    


    
      
        disable(user_preferences_pid_or_name \\ nil)

      


        Disable accessibility features.



    


    
      
        enable(options \\ [], user_preferences_pid_or_name \\ nil)

      


        Enable accessibility features with the given options.



    


    
      
        enabled?()

      


        Check if accessibility features are enabled.



    


    
      
        enabled?(pid_or_name)

      


    


    
      
        ensure_started()

      


        Ensures the Accessibility server is started.



    


    
      
        get_announcement_history(limit \\ nil)

      


        Get announcement history.



    


    
      
        get_metadata(component_id)

      


        Get accessibility metadata for a component.



    


    
      
        get_option(key, pid_or_name, default)

      


    


    
      
        get_preferences()

      


        Get all accessibility preferences.



    


    
      
        get_text_scale(user_preferences_pid_or_name \\ nil)

      


    


    
      
        handle_focus_change_event(arg)

      


        Handle focus change event.



    


    
      
        handle_locale_changed_event(event)

      


    


    
      
        handle_preference_changed_event(event)

      


    


    
      
        handle_theme_changed_event(event)

      


    


    
      
        high_contrast?()

      


        Check if high contrast mode is enabled.



    


    
      
        high_contrast_enabled?(user_preferences_pid_or_name)

      


    


    
      
        init(options \\ [])

      


        Initialize accessibility with the given options.



    


    
      
        large_text?()

      


        Check if large text mode is enabled.



    


    
      
        large_text_enabled?(user_preferences_pid_or_name)

      


    


    
      
        reduced_motion?()

      


        Check if reduced motion mode is enabled.



    


    
      
        reduced_motion_enabled?(user_preferences_pid_or_name)

      


    


    
      
        remove_metadata(component_id)

      


        Remove metadata for a component.



    


    
      
        reset()

      


        Reset all accessibility settings to defaults.



    


    
      
        screen_reader?()

      


        Check if screen reader support is enabled.



    


    
      
        set_announcement_callback(callback)

      


        Set announcement callback function.



    


    
      
        set_enabled(bool)

      


    


    
      
        set_high_contrast(enabled)

      


        Set high contrast mode.



    


    
      
        set_high_contrast(enabled, user_preferences_pid_or_name)

      


    


    
      
        set_keyboard_focus(enabled)

      


        Set keyboard focus indicators.



    


    
      
        set_large_text(enabled)

      


        Set large text mode.



    


    
      
        set_large_text(enabled, user_preferences_pid_or_name)

      


        Set large text mode with user preferences (behaviour callback).



    


    
      
        set_metadata(component_id, metadata)

      


        Set accessibility metadata for a component.



    


    
      
        set_reduced_motion(enabled)

      


        Set reduced motion mode.



    


    
      
        set_reduced_motion(enabled, user_preferences_pid_or_name)

      


    


    
      
        set_screen_reader(enabled)

      


        Set screen reader support.



    


    
      
        subscribe_to_announcements(ref)

      


        Subscribe to announcement events. Returns :ok.



    


    
      
        unsubscribe_from_announcements(ref)

      


        Unsubscribe from announcement events.



    


    
      
        update_metadata(component_id, field, value)

      


        Update a specific metadata field for a component.



    





      


      
        Functions


        


    

  
    
      
    
    
      announce(message, opts \\ [])



        
          
        

    

  


  

Make an announcement for screen readers.
Options
	:priority - Priority level (:high, :medium, :low) default: :medium
	:interrupt - Whether to interrupt current announcement default: false
	:language - Language for the announcement


  



  
    
      
    
    
      announce(message, opts, user_preferences_pid_or_name)



        
          
        

    

  


  

Make an announcement with user preferences (behaviour callback).

  



  
    
      
    
    
      announce_activation(component_id)



        
          
        

    

  


  

      

          @spec announce_activation(term()) :: :ok


      


Announce component activation.

  



    

  
    
      
    
    
      announce_sync(message, opts \\ [])



        
          
        

    

  


  

      

          @spec announce_sync(String.t(), keyword()) :: :ok


      


Announce with synchronous confirmation.

  



  
    
      
    
    
      announce_value_change(component_id, old_value, new_value)



        
          
        

    

  


  

      

          @spec announce_value_change(term(), term(), term()) :: :ok


      


Announce value change.

  



  
    
      
    
    
      any_feature_active?()



        
          
        

    

  


  

      

          @spec any_feature_active?() :: boolean()


      


Check if any accessibility feature is active.

  



  
    
      
    
    
      clear_announcement_history()



        
          
        

    

  


  

      

          @spec clear_announcement_history() :: :ok


      


Clear announcement history.

  



  
    
      
    
    
      clear_announcements()



        
          
        

    

  


  

Clear all announcements (behaviour callback).

  



    

  
    
      
    
    
      disable(user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Disable accessibility features.

  



    

    

  
    
      
    
    
      enable(options \\ [], user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Enable accessibility features with the given options.
Options
	:high_contrast - Enable high contrast mode (default: false)
	:reduced_motion - Enable reduced motion (default: false)
	:large_text - Enable large text (default: false)
	:screen_reader - Enable screen reader support (default: true)
	:keyboard_focus - Enable keyboard focus indicators (default: true)
	:silence_announcements - Silence screen reader announcements (default: false)


  



  
    
      
    
    
      enabled?()



        
          
        

    

  


  

Check if accessibility features are enabled.

  



  
    
      
    
    
      enabled?(pid_or_name)



        
          
        

    

  


  


  



  
    
      
    
    
      ensure_started()



        
          
        

    

  


  

      

          @spec ensure_started() :: :ok


      


Ensures the Accessibility server is started.

  



    

  
    
      
    
    
      get_announcement_history(limit \\ nil)



        
          
        

    

  


  

      

          @spec get_announcement_history(non_neg_integer() | nil) :: [map()]


      


Get announcement history.

  



  
    
      
    
    
      get_metadata(component_id)



        
          
        

    

  


  

      

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


      


Get accessibility metadata for a component.

  



  
    
      
    
    
      get_option(key, pid_or_name, default)



        
          
        

    

  


  


  



  
    
      
    
    
      get_preferences()



        
          
        

    

  


  

      

          @spec get_preferences() :: map()


      


Get all accessibility preferences.

  



    

  
    
      
    
    
      get_text_scale(user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

      

          @spec get_text_scale(atom() | pid() | nil) :: float()


      



  



  
    
      
    
    
      handle_focus_change_event(arg)



        
          
        

    

  


  

      

          @spec handle_focus_change_event({:focus_change, term(), term()}) :: :ok


      


Handle focus change event.

  



  
    
      
    
    
      handle_locale_changed_event(event)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_preference_changed_event(event)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_theme_changed_event(event)



        
          
        

    

  


  


  



  
    
      
    
    
      high_contrast?()



        
          
        

    

  


  

      

          @spec high_contrast?() :: boolean()


      


Check if high contrast mode is enabled.

  



  
    
      
    
    
      high_contrast_enabled?(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec high_contrast_enabled?(atom() | pid()) :: boolean()


      



  



    

  
    
      
    
    
      init(options \\ [])



        
          
        

    

  


  

      

          @spec init(keyword()) :: :ok


      


Initialize accessibility with the given options.

  



  
    
      
    
    
      large_text?()



        
          
        

    

  


  

      

          @spec large_text?() :: boolean()


      


Check if large text mode is enabled.

  



  
    
      
    
    
      large_text_enabled?(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec large_text_enabled?(atom() | pid()) :: boolean()


      



  



  
    
      
    
    
      reduced_motion?()



        
          
        

    

  


  

      

          @spec reduced_motion?() :: boolean()


      


Check if reduced motion mode is enabled.

  



  
    
      
    
    
      reduced_motion_enabled?(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec reduced_motion_enabled?(atom() | pid()) :: boolean()


      



  



  
    
      
    
    
      remove_metadata(component_id)



        
          
        

    

  


  

      

          @spec remove_metadata(term()) :: :ok


      


Remove metadata for a component.

  



  
    
      
    
    
      reset()



        
          
        

    

  


  

      

          @spec reset() :: :ok


      


Reset all accessibility settings to defaults.

  



  
    
      
    
    
      screen_reader?()



        
          
        

    

  


  

      

          @spec screen_reader?() :: boolean()


      


Check if screen reader support is enabled.

  



  
    
      
    
    
      set_announcement_callback(callback)



        
          
        

    

  


  

      

          @spec set_announcement_callback((String.t() -> any())) :: :ok


      


Set announcement callback function.

  



  
    
      
    
    
      set_enabled(bool)



        
          
        

    

  


  

      

          @spec set_enabled(boolean()) :: :ok


      



  



  
    
      
    
    
      set_high_contrast(enabled)



        
          
        

    

  


  

      

          @spec set_high_contrast(boolean()) :: :ok


      


Set high contrast mode.

  



  
    
      
    
    
      set_high_contrast(enabled, user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec set_high_contrast(boolean(), atom() | pid()) :: :ok


      



  



  
    
      
    
    
      set_keyboard_focus(enabled)



        
          
        

    

  


  

      

          @spec set_keyboard_focus(boolean()) :: :ok


      


Set keyboard focus indicators.

  



  
    
      
    
    
      set_large_text(enabled)



        
          
        

    

  


  

      

          @spec set_large_text(boolean()) :: :ok


      


Set large text mode.

  



  
    
      
    
    
      set_large_text(enabled, user_preferences_pid_or_name)



        
          
        

    

  


  

Set large text mode with user preferences (behaviour callback).

  



  
    
      
    
    
      set_metadata(component_id, metadata)



        
          
        

    

  


  

      

          @spec set_metadata(term(), map()) :: :ok


      


Set accessibility metadata for a component.
Metadata fields
	:label - Accessible label for the component
	:role - ARIA role (button, navigation, etc.)
	:description - Extended description
	:hint - Usage hint for screen readers
	:state - Current state (expanded, selected, etc.)


  



  
    
      
    
    
      set_reduced_motion(enabled)



        
          
        

    

  


  

      

          @spec set_reduced_motion(boolean()) :: :ok


      


Set reduced motion mode.

  



  
    
      
    
    
      set_reduced_motion(enabled, user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec set_reduced_motion(boolean(), atom() | pid()) :: :ok


      



  



  
    
      
    
    
      set_screen_reader(enabled)



        
          
        

    

  


  

      

          @spec set_screen_reader(boolean()) :: :ok


      


Set screen reader support.

  



  
    
      
    
    
      subscribe_to_announcements(ref)



        
          
        

    

  


  

      

          @spec subscribe_to_announcements(reference()) :: :ok


      


Subscribe to announcement events. Returns :ok.
The subscriber will receive {:announcement_added, ref, announcement}
messages, where announcement is a map of the form:
%{
  message: String.t(),
  priority: :high | :medium | :low | :normal,
  interrupt: boolean(),
  timestamp: integer()
}

  



  
    
      
    
    
      unsubscribe_from_announcements(ref)



        
          
        

    

  


  

      

          @spec unsubscribe_from_announcements(reference()) :: :ok


      


Unsubscribe from announcement events.

  



  
    
      
    
    
      update_metadata(component_id, field, value)



        
          
        

    

  


  

      

          @spec update_metadata(term(), atom(), term()) :: :ok


      


Update a specific metadata field for a component.

  


        

      


  

    
Raxol.Core.Accessibility.AccessibilityServer 
    



      
Unified GenServer implementation for accessibility features in Raxol.
This server consolidates all accessibility state management, eliminating
Process dictionary usage across Accessibility, Announcements, and Metadata modules.
Features
	Screen reader announcements with queuing and priority
	High contrast mode management
	Reduced motion support
	Large text support
	Keyboard focus indicators
	Accessibility metadata tracking
	User preference integration
	Theme integration for accessibility
	Announcement history tracking

Sub-modules
	AnnouncementQueue  -- queue, priority, history, delivery
	PreferenceManager  -- preference merge/sync/notify
	MetadataRegistry   -- element/component metadata and style registration
	FocusManager       -- focus tracking, history, and focus announcements


      


      
        Summary


  
    Functions
  


    
      
        add_announcement(announcement, user_preferences_pid_or_name \\ nil)

      


        Adds an announcement to the queue.



    


    
      
        add_announcement(server, announcement, user_preferences_pid_or_name)

      


    


    
      
        announce(server \\ __MODULE__, message, opts \\ [])

      


        Makes an announcement for screen readers.



    


    
      
        announce_sync(server \\ __MODULE__, message, opts \\ [])

      


        Announces with synchronous confirmation.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_all_announcements()

      


        Clears all announcements from the queue.



    


    
      
        clear_all_announcements(server)

      


    


    
      
        clear_announcement_history(server \\ __MODULE__)

      


        Clears announcement history.



    


    
      
        clear_announcements(user_preferences_pid_or_name)

      


        Clears announcements for a specific user.



    


    
      
        clear_announcements(server, user_preferences_pid_or_name)

      


    


    
      
        disable(server \\ __MODULE__)

      


        Disables accessibility features.



    


    
      
        enable(server \\ __MODULE__, options \\ [], user_preferences_pid \\ nil)

      


        Enables accessibility features with the given options.



    


    
      
        enabled?(server \\ __MODULE__)

      


        Checks if accessibility is enabled.



    


    
      
        get_announcement_history(server \\ __MODULE__, limit \\ nil)

      


        Gets announcement history.



    


    
      
        get_component_hint(component_id, hint_level \\ :normal)

      


        Gets a component hint.



    


    
      
        get_component_hint(server, component_id, hint_level)

      


    


    
      
        get_component_style(component_type)

      


        Gets component style.



    


    
      
        get_component_style(server, component_type)

      


    


    
      
        get_element_metadata(server \\ __MODULE__, element_id)

      


        Gets element metadata for a component.



    


    
      
        get_focus_history()

      


        Gets focus history.



    


    
      
        get_focus_history(server)

      


    


    
      
        get_metadata(server \\ __MODULE__, component_id)

      


        Gets accessibility metadata for a component.



    


    
      
        get_next_announcement(user_preferences_pid_or_name \\ nil)

      


        Gets the next announcement from the queue.



    


    
      
        get_next_announcement(server, user_preferences_pid_or_name)

      


    


    
      
        get_option(key, default \\ nil)

      


        Gets an option value.



    


    
      
        get_option(server, key, default)

      


    


    
      
        get_preferences(server \\ __MODULE__)

      


        Gets all current preferences.



    


    
      
        get_state(server \\ __MODULE__)

      


        Gets the current state (for debugging/testing).



    


    
      
        handle_focus_change(server \\ __MODULE__, old_focus, new_focus)

      


        Handles focus change events.



    


    
      
        handle_focus_change_event(unexpected)

      


    


    
      
        handle_focus_change_event(old, event_data)

      


    


    
      
        handle_focus_change_event(event_name, measurements, metadata, config)

      


    


    
      
        handle_preference_changed_event(arg)

      


    


    
      
        handle_theme_changed_event(arg)

      


    


    
      
        high_contrast?(server \\ __MODULE__)

      


        Gets high contrast mode status.



    


    
      
        large_text?(server \\ __MODULE__)

      


        Gets large text mode status.



    


    
      
        reduced_motion?(server \\ __MODULE__)

      


        Gets reduced motion mode status.



    


    
      
        register_component_style(component_type, style)

      


        Registers component style.



    


    
      
        register_component_style(server, component_type, style)

      


    


    
      
        register_element_metadata(server \\ __MODULE__, element_id, metadata)

      


        Registers element metadata for a component.



    


    
      
        remove_metadata(server \\ __MODULE__, component_id)

      


        Removes metadata for a component.



    


    
      
        reset(server \\ __MODULE__)

      


        Resets the accessibility server to its default state (for test isolation).



    


    
      
        screen_reader?(server \\ __MODULE__)

      


        Gets screen reader support status.



    


    
      
        set_announcement_callback(server \\ __MODULE__, callback)

      


        Sets the announcement callback function.



    


    
      
        set_high_contrast(server \\ __MODULE__, enabled)

      


        Sets high contrast mode.



    


    
      
        set_keyboard_focus(server \\ __MODULE__, enabled)

      


        Sets keyboard focus indicators.



    


    
      
        set_large_text(server \\ __MODULE__, enabled)

      


        Sets large text mode.



    


    
      
        set_large_text_with_prefs(server \\ __MODULE__, enabled, user_preferences_pid)

      


    


    
      
        set_metadata(server \\ __MODULE__, component_id, metadata)

      


        Sets accessibility metadata for a component.



    


    
      
        set_option(key, value)

      


        Sets an option value.



    


    
      
        set_option(server, key, value)

      


    


    
      
        set_reduced_motion(server \\ __MODULE__, enabled)

      


        Sets reduced motion mode.



    


    
      
        set_screen_reader(server \\ __MODULE__, enabled)

      


        Sets screen reader support.



    


    
      
        should_announce?(prefs)

      


        Checks if announcements should be made.



    


    
      
        start_link(init_opts \\ [])

      


    


    
      
        unregister_component_style(component_type)

      


        Unregisters component style.



    


    
      
        unregister_component_style(server, component_type)

      


    


    
      
        unregister_element_metadata(element_id)

      


        Unregisters element metadata.



    


    
      
        unregister_element_metadata(server, element_id)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      add_announcement(announcement, user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Adds an announcement to the queue.

  



  
    
      
    
    
      add_announcement(server, announcement, user_preferences_pid_or_name)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      announce(server \\ __MODULE__, message, opts \\ [])



        
          
        

    

  


  

      

          @spec announce(GenServer.server(), String.t(), keyword()) :: :ok


      


Makes an announcement for screen readers.
Options
	:priority - Priority level (:high, :medium, :low) default: :medium
	:interrupt - Whether to interrupt current announcement default: false
	:language - Language for the announcement


  



    

    

  
    
      
    
    
      announce_sync(server \\ __MODULE__, message, opts \\ [])



        
          
        

    

  


  

      

          @spec announce_sync(GenServer.server(), String.t(), keyword()) :: :ok


      


Announces with synchronous confirmation.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear_all_announcements()



        
          
        

    

  


  

Clears all announcements from the queue.

  



  
    
      
    
    
      clear_all_announcements(server)



        
          
        

    

  


  


  



    

  
    
      
    
    
      clear_announcement_history(server \\ __MODULE__)



        
          
        

    

  


  

Clears announcement history.

  



  
    
      
    
    
      clear_announcements(user_preferences_pid_or_name)



        
          
        

    

  


  

Clears announcements for a specific user.

  



  
    
      
    
    
      clear_announcements(server, user_preferences_pid_or_name)



        
          
        

    

  


  


  



    

  
    
      
    
    
      disable(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Disables accessibility features.

  



    

    

    

  
    
      
    
    
      enable(server \\ __MODULE__, options \\ [], user_preferences_pid \\ nil)



        
          
        

    

  


  

      

          @spec enable(GenServer.server(), keyword(), atom() | pid() | nil) :: :ok


      


Enables accessibility features with the given options.

  



    

  
    
      
    
    
      enabled?(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Checks if accessibility is enabled.

  



    

    

  
    
      
    
    
      get_announcement_history(server \\ __MODULE__, limit \\ nil)



        
          
        

    

  


  

Gets announcement history.

  



    

  
    
      
    
    
      get_component_hint(component_id, hint_level \\ :normal)



        
          
        

    

  


  

Gets a component hint.

  



  
    
      
    
    
      get_component_hint(server, component_id, hint_level)



        
          
        

    

  


  


  



  
    
      
    
    
      get_component_style(component_type)



        
          
        

    

  


  

Gets component style.

  



  
    
      
    
    
      get_component_style(server, component_type)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_element_metadata(server \\ __MODULE__, element_id)



        
          
        

    

  


  

Gets element metadata for a component.

  



  
    
      
    
    
      get_focus_history()



        
          
        

    

  


  

Gets focus history.

  



  
    
      
    
    
      get_focus_history(server)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_metadata(server \\ __MODULE__, component_id)



        
          
        

    

  


  

Gets accessibility metadata for a component.

  



    

  
    
      
    
    
      get_next_announcement(user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Gets the next announcement from the queue.

  



  
    
      
    
    
      get_next_announcement(server, user_preferences_pid_or_name)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_option(key, default \\ nil)



        
          
        

    

  


  

Gets an option value.

  



  
    
      
    
    
      get_option(server, key, default)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_preferences(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Gets all current preferences.

  



    

  
    
      
    
    
      get_state(server \\ __MODULE__)



        
          
        

    

  


  

Gets the current state (for debugging/testing).

  



    

  
    
      
    
    
      handle_focus_change(server \\ __MODULE__, old_focus, new_focus)



        
          
        

    

  


  

Handles focus change events.

  



  
    
      
    
    
      handle_focus_change_event(unexpected)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_focus_change_event(old, event_data)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_focus_change_event(event_name, measurements, metadata, config)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_preference_changed_event(arg)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_theme_changed_event(arg)



        
          
        

    

  


  


  



    

  
    
      
    
    
      high_contrast?(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Gets high contrast mode status.

  



    

  
    
      
    
    
      large_text?(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Gets large text mode status.

  



    

  
    
      
    
    
      reduced_motion?(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Gets reduced motion mode status.

  



  
    
      
    
    
      register_component_style(component_type, style)



        
          
        

    

  


  

Registers component style.

  



  
    
      
    
    
      register_component_style(server, component_type, style)



        
          
        

    

  


  


  



    

  
    
      
    
    
      register_element_metadata(server \\ __MODULE__, element_id, metadata)



        
          
        

    

  


  

Registers element metadata for a component.

  



    

  
    
      
    
    
      remove_metadata(server \\ __MODULE__, component_id)



        
          
        

    

  


  

Removes metadata for a component.

  



    

  
    
      
    
    
      reset(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Resets the accessibility server to its default state (for test isolation).

  



    

  
    
      
    
    
      screen_reader?(server \\ __MODULE__)



        
          
        

    

  


  

      

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


      


Gets screen reader support status.

  



    

  
    
      
    
    
      set_announcement_callback(server \\ __MODULE__, callback)



        
          
        

    

  


  

Sets the announcement callback function.

  



    

  
    
      
    
    
      set_high_contrast(server \\ __MODULE__, enabled)



        
          
        

    

  


  

      

          @spec set_high_contrast(GenServer.server(), boolean()) :: :ok


      


Sets high contrast mode.

  



    

  
    
      
    
    
      set_keyboard_focus(server \\ __MODULE__, enabled)



        
          
        

    

  


  

      

          @spec set_keyboard_focus(GenServer.server(), boolean()) :: :ok


      


Sets keyboard focus indicators.

  



    

  
    
      
    
    
      set_large_text(server \\ __MODULE__, enabled)



        
          
        

    

  


  

      

          @spec set_large_text(GenServer.server(), boolean()) :: :ok


      


Sets large text mode.

  



    

  
    
      
    
    
      set_large_text_with_prefs(server \\ __MODULE__, enabled, user_preferences_pid)



        
          
        

    

  


  


  



    

  
    
      
    
    
      set_metadata(server \\ __MODULE__, component_id, metadata)



        
          
        

    

  


  

Sets accessibility metadata for a component.

  



  
    
      
    
    
      set_option(key, value)



        
          
        

    

  


  

Sets an option value.

  



  
    
      
    
    
      set_option(server, key, value)



        
          
        

    

  


  


  



    

  
    
      
    
    
      set_reduced_motion(server \\ __MODULE__, enabled)



        
          
        

    

  


  

      

          @spec set_reduced_motion(GenServer.server(), boolean()) :: :ok


      


Sets reduced motion mode.

  



    

  
    
      
    
    
      set_screen_reader(server \\ __MODULE__, enabled)



        
          
        

    

  


  

      

          @spec set_screen_reader(GenServer.server(), boolean()) :: :ok


      


Sets screen reader support.

  



  
    
      
    
    
      should_announce?(prefs)



        
          
        

    

  


  

      

          @spec should_announce?(atom() | pid() | nil) :: boolean()


      


Checks if announcements should be made.

  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      unregister_component_style(component_type)



        
          
        

    

  


  

Unregisters component style.

  



  
    
      
    
    
      unregister_component_style(server, component_type)



        
          
        

    

  


  


  



  
    
      
    
    
      unregister_element_metadata(element_id)



        
          
        

    

  


  

Unregisters element metadata.

  



  
    
      
    
    
      unregister_element_metadata(server, element_id)



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.Accessibility.AnnouncementQueue 
    



      
Pure-functional helpers for announcement queue management, priority sorting,
history tracking, and delivery.  Used by AccessibilityServer.

      


      
        Summary


  
    Functions
  


    
      
        enqueue_focus(announcements_state, text, event_manager_pid)

      


        Appends a high-priority focus announcement to both queue and history.



    


    
      
        limited_history(history, limit)

      


        Returns history limited to limit entries (or all when nil).



    


    
      
        parse_focus_change_event_data(event_data)

      


        Parses event dispatcher arguments into {old_focus, new_focus} tuples.
Returns {nil, nil} when the event cannot be parsed.



    


    
      
        pop(announcements_state)

      


        Returns {next_message, updated_announcements_state} or {nil, state} when empty.



    


    
      
        process(announcements_state, message, opts, callback, enabled?, screen_reader?, silenced?)

      


        Returns the announcement state map after processing a new announcement.
Does nothing if announcements should not be processed.



    





      


      
        Functions


        


  
    
      
    
    
      enqueue_focus(announcements_state, text, event_manager_pid)



        
          
        

    

  


  

Appends a high-priority focus announcement to both queue and history.

  



  
    
      
    
    
      limited_history(history, limit)



        
          
        

    

  


  

Returns history limited to limit entries (or all when nil).

  



  
    
      
    
    
      parse_focus_change_event_data(event_data)



        
          
        

    

  


  

Parses event dispatcher arguments into {old_focus, new_focus} tuples.
Returns {nil, nil} when the event cannot be parsed.

  



  
    
      
    
    
      pop(announcements_state)



        
          
        

    

  


  

Returns {next_message, updated_announcements_state} or {nil, state} when empty.

  



  
    
      
    
    
      process(announcements_state, message, opts, callback, enabled?, screen_reader?, silenced?)



        
          
        

    

  


  

Returns the announcement state map after processing a new announcement.
Does nothing if announcements should not be processed.

  


        

      


  

    
Raxol.Core.Accessibility.Announcements 
    



      
Handles screen reader announcements and announcement queue management.

      


      
        Summary


  
    Functions
  


    
      
        add_subscription(ref, pid)

      


    


    
      
        announce(message, opts \\ [], user_preferences_pid_or_name \\ nil)

      


        Make an announcement for screen readers.



    


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_announcements()

      


        Clear all pending announcements.



    


    
      
        clear_announcements(user_preferences_pid_or_name)

      


        Clear all pending announcements for a specific user.



    


    
      
        get_next_announcement(user_preferences_pid_or_name)

      


        Get the next announcement to be read by screen readers for a specific user/context.



    


    
      
        get_subscriptions()

      


    


    
      
        remove_subscription(ref)

      


    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      add_subscription(ref, pid)



        
          
        

    

  


  

      

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


      



  



    

    

  
    
      
    
    
      announce(message, opts \\ [], user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

      

          @spec announce(String.t(), keyword(), atom() | pid() | nil) :: :ok


      


Make an announcement for screen readers.
Parameters
	message - The message to announce
	opts - Options for the announcement
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Options
	:priority - Priority level (:low, :medium, :high) (default: :medium)
	:interrupt - Whether to interrupt current announcements (default: false)

Examples
iex> Announcements.announce("Button clicked")
:ok

iex> Announcements.announce("Error occurred", priority: :high, interrupt: true)
:ok

  



  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear_announcements()



        
          
        

    

  


  

      

          @spec clear_announcements() :: :ok


      


Clear all pending announcements.
Examples
iex> Announcements.clear_announcements()
:ok

  



  
    
      
    
    
      clear_announcements(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec clear_announcements(atom() | pid()) :: :ok


      


Clear all pending announcements for a specific user.
Examples
iex> Announcements.clear_announcements(:user_prefs)
:ok

  



  
    
      
    
    
      get_next_announcement(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @spec get_next_announcement(atom() | pid()) :: String.t() | nil


      


Get the next announcement to be read by screen readers for a specific user/context.
Parameters
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Examples
iex> Announcements.get_next_announcement(:user1)
"Button clicked"

  



  
    
      
    
    
      get_subscriptions()



        
          
        

    

  


  

      

          @spec get_subscriptions() :: %{required(reference()) => pid()}


      



  



  
    
      
    
    
      remove_subscription(ref)



        
          
        

    

  


  

      

          @spec remove_subscription(reference()) :: :ok


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  


        

      


  

    
Raxol.Core.Accessibility.Behaviour behaviour
    



      
Behaviour for accessibility implementations.

      


      
        Summary


  
    Callbacks
  


    
      
        announce(message, opts)

      


    


    
      
        announce(message, opts, user_preferences_pid_or_name)

      


    


    
      
        clear_announcements()

      


    


    
      
        disable(user_preferences_pid_or_name)

      


    


    
      
        enable(options, user_preferences_pid_or_name)

      


    


    
      
        enabled?()

      


    


    
      
        get_component_hint(component_id, hint_level)

      


    


    
      
        get_component_style(component_type)

      


    


    
      
        get_element_metadata(element_id)

      


    


    
      
        get_focus_history()

      


    


    
      
        get_next_announcement(user_preferences_pid_or_name)

      


    


    
      
        get_option(key, default)

      


    


    
      
        register_component_style(component_type, style)

      


    


    
      
        register_element_metadata(element_id, metadata)

      


    


    
      
        set_large_text(enabled, user_preferences_pid_or_name)

      


    


    
      
        set_option(key, value)

      


    


    
      
        unregister_component_style(component_type)

      


    


    
      
        unregister_element_metadata(element_id)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      announce(message, opts)



        
          
        

    

  


  

      

          @callback announce(message :: String.t(), opts :: keyword()) :: :ok


      



  



  
    
      
    
    
      announce(message, opts, user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @callback announce(
  message :: String.t(),
  opts :: keyword(),
  user_preferences_pid_or_name :: atom() | pid() | nil
) :: :ok


      



  



  
    
      
    
    
      clear_announcements()



        
          
        

    

  


  

      

          @callback clear_announcements() :: :ok


      



  



  
    
      
    
    
      disable(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @callback disable(user_preferences_pid_or_name :: atom() | pid() | nil) :: :ok


      



  



  
    
      
    
    
      enable(options, user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @callback enable(
  options :: keyword() | map(),
  user_preferences_pid_or_name :: atom() | pid() | nil
) :: :ok


      



  



  
    
      
    
    
      enabled?()



        
          
        

    

  


  

      

          @callback enabled?() :: boolean()


      



  



  
    
      
    
    
      get_component_hint(component_id, hint_level)



        
          
        

    

  


  

      

          @callback get_component_hint(component_id :: atom(), hint_level :: :basic | :detailed) ::
  String.t() | nil


      



  



  
    
      
    
    
      get_component_style(component_type)



        
          
        

    

  


  

      

          @callback get_component_style(component_type :: atom()) :: map()


      



  



  
    
      
    
    
      get_element_metadata(element_id)



        
          
        

    

  


  

      

          @callback get_element_metadata(element_id :: String.t()) :: map() | nil


      



  



  
    
      
    
    
      get_focus_history()



        
          
        

    

  


  

      

          @callback get_focus_history() :: [String.t() | nil]


      



  



  
    
      
    
    
      get_next_announcement(user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @callback get_next_announcement(user_preferences_pid_or_name :: atom() | pid() | nil) ::
  String.t() | nil


      



  



  
    
      
    
    
      get_option(key, default)



        
          
        

    

  


  

      

          @callback get_option(key :: atom(), default :: any()) :: any()


      



  



  
    
      
    
    
      register_component_style(component_type, style)



        
          
        

    

  


  

      

          @callback register_component_style(component_type :: atom(), style :: map()) :: :ok


      



  



  
    
      
    
    
      register_element_metadata(element_id, metadata)



        
          
        

    

  


  

      

          @callback register_element_metadata(element_id :: String.t(), metadata :: map()) :: :ok


      



  



  
    
      
    
    
      set_large_text(enabled, user_preferences_pid_or_name)



        
          
        

    

  


  

      

          @callback set_large_text(
  enabled :: boolean(),
  user_preferences_pid_or_name :: atom() | pid() | nil
) :: :ok


      



  



  
    
      
    
    
      set_option(key, value)



        
          
        

    

  


  

      

          @callback set_option(key :: atom(), value :: any()) :: :ok


      



  



  
    
      
    
    
      unregister_component_style(component_type)



        
          
        

    

  


  

      

          @callback unregister_component_style(component_type :: atom()) :: :ok


      



  



  
    
      
    
    
      unregister_element_metadata(element_id)



        
          
        

    

  


  

      

          @callback unregister_element_metadata(element_id :: String.t()) :: :ok


      



  


        

      


  

    
Raxol.Core.Accessibility.EventHandler 
    



      
Handles accessibility-related events and notifications.

      


      
        Summary


  
    Functions
  


    
      
        handle_focus_change(event)

      


    


    
      
        handle_focus_change(arg, user_preferences_pid_or_name)

      


        Handle focus change events for accessibility announcements.



    


    
      
        handle_locale_changed(arg)

      


        Handle locale changes.



    


    
      
        handle_preference_changed(arg, user_preferences_pid_or_name \\ nil)

      


        Handle preference changes triggered internally or via EventManager.



    


    
      
        handle_theme_changed(event, user_preferences_pid_or_name \\ Raxol.Core.UserPreferences)

      


        Handle theme changes.



    





      


      
        Functions


        


  
    
      
    
    
      handle_focus_change(event)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_focus_change(arg, user_preferences_pid_or_name)



        
          
        

    

  


  

Handle focus change events for accessibility announcements.
Examples
iex> EventHandler.handle_focus_change({:focus_change, nil, "search_button"})
:ok

  



  
    
      
    
    
      handle_locale_changed(arg)



        
          
        

    

  


  

Handle locale changes.
Examples
iex> EventHandler.handle_locale_changed({:locale_changed, %{locale: "en"}})
:ok

  



    

  
    
      
    
    
      handle_preference_changed(arg, user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Handle preference changes triggered internally or via EventManager.
Examples
iex> EventHandler.handle_preference_changed({:preference_changed, [:accessibility, :high_contrast], true})
:ok

  



    

  
    
      
    
    
      handle_theme_changed(event, user_preferences_pid_or_name \\ Raxol.Core.UserPreferences)



        
          
        

    

  


  

Handle theme changes.
Examples
iex> EventHandler.handle_theme_changed({:theme_changed, %{theme: "dark"}})
:ok

  


        

      


  

    
Raxol.Core.Accessibility.FocusManager 
    



      
Pure-functional helpers for focus tracking, announcements, and
event handler registration within the AccessibilityServer state.

      


      
        Summary


  
    Functions
  


    
      
        create_focus_announcement(metadata)

      


        Creates a focus announcement string from element metadata, or nil.



    


    
      
        get_focus_history(state)

      


        Returns the focus history stored in metadata.



    


    
      
        handle_focus_announcement(state, new_focus)

      


        Handles a focus change by looking up the new focus element's metadata
and potentially enqueuing a focus announcement.



    


    
      
        register_event_handlers(server_module)

      


        Registers accessibility event handlers with EventManager for the given server module.



    


    
      
        unregister_event_handlers(server_module)

      


        Unregisters accessibility event handlers from EventManager for the given server module.



    





      


      
        Functions


        


  
    
      
    
    
      create_focus_announcement(metadata)



        
          
        

    

  


  

Creates a focus announcement string from element metadata, or nil.

  



  
    
      
    
    
      get_focus_history(state)



        
          
        

    

  


  

Returns the focus history stored in metadata.

  



  
    
      
    
    
      handle_focus_announcement(state, new_focus)



        
          
        

    

  


  

Handles a focus change by looking up the new focus element's metadata
and potentially enqueuing a focus announcement.
Returns {:noreply, new_state}.

  



  
    
      
    
    
      register_event_handlers(server_module)



        
          
        

    

  


  

Registers accessibility event handlers with EventManager for the given server module.

  



  
    
      
    
    
      unregister_event_handlers(server_module)



        
          
        

    

  


  

Unregisters accessibility event handlers from EventManager for the given server module.

  


        

      


  

    
Raxol.Core.Accessibility.Metadata 
    



      
Handles accessibility metadata for UI elements and component styles.

      


      
        Summary


  
    Functions
  


    
      
        get_accessible_name(element)

      


        Get the accessible name for an element.



    


    
      
        get_component_hint(component_id, hint_level)

      


    


    
      
        get_component_style(component_type)

      


        Get style settings for a component type.



    


    
      
        get_element_metadata(element_id)

      


        Get metadata for an element.



    


    
      
        register_component_style(component_type, style)

      


        Register style settings for a component type.



    


    
      
        register_element_metadata(element_id, metadata)

      


        Register metadata for an element to be used for accessibility features.



    





      


      
        Functions


        


  
    
      
    
    
      get_accessible_name(element)



        
          
        

    

  


  

Get the accessible name for an element.
Parameters
	element - The element to get the accessible name for

Returns
	The accessible name as a string, or nil if not found

Examples
iex> Metadata.get_accessible_name("search_button")
"Search"

  



  
    
      
    
    
      get_component_hint(component_id, hint_level)



        
          
        

    

  


  


  



  
    
      
    
    
      get_component_style(component_type)



        
          
        

    

  


  

Get style settings for a component type.
Parameters
	component_type - Atom representing the component type

Returns
	The style map for the component type, or empty map if not found

Examples
iex> Metadata.get_component_style(:button)
%{background: :blue}

  



  
    
      
    
    
      get_element_metadata(element_id)



        
          
        

    

  


  

Get metadata for an element.
Parameters
	element_id - Unique identifier for the element

Returns
	The metadata map for the element, or nil if not found

Examples
iex> Metadata.get_element_metadata("search_button")
%{label: "Search"}

  



  
    
      
    
    
      register_component_style(component_type, style)



        
          
        

    

  


  

Register style settings for a component type.
Parameters
	component_type - Atom representing the component type
	style - Style map to associate with the component type

Examples
iex> Metadata.register_component_style(:button, %{background: :blue})
:ok

  



  
    
      
    
    
      register_element_metadata(element_id, metadata)



        
          
        

    

  


  

Register metadata for an element to be used for accessibility features.
Parameters
	element_id - Unique identifier for the element
	metadata - Metadata to associate with the element

Examples
iex> Metadata.register_element_metadata("search_button", %{label: "Search"})
:ok

  


        

      


  

    
Raxol.Core.Accessibility.MetadataRegistry 
    



      
Pure-functional helpers for accessibility metadata and component style
registration within the AccessibilityServer state.

      


      
        Summary


  
    Functions
  


    
      
        get_component_style(state, component_type)

      


        Gets a component style keyed by {:component_style, type}.



    


    
      
        get_metadata(state, component_id)

      


        Gets element/component metadata from state.



    


    
      
        put_metadata(state, component_id, metadata)

      


        Puts element/component metadata into state.



    


    
      
        register_component_style(state, component_type, style)

      


        Registers a component style keyed by {:component_style, type}.



    


    
      
        remove_metadata(state, component_id)

      


        Removes element/component metadata from state.



    


    
      
        unregister_component_style(state, component_type)

      


        Unregisters a component style.



    





      


      
        Functions


        


  
    
      
    
    
      get_component_style(state, component_type)



        
          
        

    

  


  

Gets a component style keyed by {:component_style, type}.

  



  
    
      
    
    
      get_metadata(state, component_id)



        
          
        

    

  


  

Gets element/component metadata from state.

  



  
    
      
    
    
      put_metadata(state, component_id, metadata)



        
          
        

    

  


  

Puts element/component metadata into state.

  



  
    
      
    
    
      register_component_style(state, component_type, style)



        
          
        

    

  


  

Registers a component style keyed by {:component_style, type}.

  



  
    
      
    
    
      remove_metadata(state, component_id)



        
          
        

    

  


  

Removes element/component metadata from state.

  



  
    
      
    
    
      unregister_component_style(state, component_type)



        
          
        

    

  


  

Unregisters a component style.

  


        

      


  

    
Raxol.Core.Accessibility.PreferenceManager 
    



      
Preference sync helpers for AccessibilityServer.
Handles merging, setting, and syncing preferences to UserPreferences.

      


      
        Summary


  
    Functions
  


    
      
        merge(current, options)

      


        Merges option keyword list into the current preferences map.



    


    
      
        sync_all(preferences, user_preferences_pid)

      


        Syncs all accessibility preferences to the UserPreferences process.



    


    
      
        sync_one(key, value, user_preferences_pid)

      


        Syncs a single preference key/value to the UserPreferences process.



    





      


      
        Functions


        


  
    
      
    
    
      merge(current, options)



        
          
        

    

  


  

Merges option keyword list into the current preferences map.

  



  
    
      
    
    
      sync_all(preferences, user_preferences_pid)



        
          
        

    

  


  

Syncs all accessibility preferences to the UserPreferences process.

  



  
    
      
    
    
      sync_one(key, value, user_preferences_pid)



        
          
        

    

  


  

Syncs a single preference key/value to the UserPreferences process.

  


        

      


  

    
Raxol.Core.Accessibility.Preferences 
    



      
Manages accessibility preferences and settings.

      


      
        Summary


  
    Functions
  


    
      
        default_prefs_name()

      


        Get the default preferences name.



    


    
      
        get_option(key, user_preferences_pid_or_name \\ nil, default \\ nil)

      


        Get an accessibility option value.



    


    
      
        get_text_scale(user_preferences_pid_or_name \\ nil)

      


        Get the current text scale factor based on the large text setting.



    


    
      
        handle_preference_changed(arg, user_preferences_pid_or_name)

      


    


    
      
        set_high_contrast(enabled, user_preferences_pid_or_name \\ nil)

      


        Enable or disable high contrast mode.



    


    
      
        set_large_text(enabled, user_preferences_pid_or_name \\ nil)

      


        Enable or disable large text mode.



    


    
      
        set_option(key, value, user_preferences_pid_or_name \\ nil)

      


        Set an accessibility option value.



    


    
      
        set_reduced_motion(enabled, user_preferences_pid_or_name \\ nil)

      


        Enable or disable reduced motion.



    





      


      
        Functions


        


  
    
      
    
    
      default_prefs_name()



        
          
        

    

  


  

Get the default preferences name.
Examples
iex> Preferences.default_prefs_name()
Raxol.Core.UserPreferences

  



    

    

  
    
      
    
    
      get_option(key, user_preferences_pid_or_name \\ nil, default \\ nil)



        
          
        

    

  


  

Get an accessibility option value.
Parameters
	option_name - The atom representing the accessibility option (e.g., :high_contrast).
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).
	default - The default value to return if the option is not set (optional).

Examples
iex> Preferences.get_option(:high_contrast)
false

  



    

  
    
      
    
    
      get_text_scale(user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Get the current text scale factor based on the large text setting.
Parameters
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Examples
iex> Preferences.get_text_scale()
1.0 # or 1.5 if large_text is enabled

  



  
    
      
    
    
      handle_preference_changed(arg, user_preferences_pid_or_name)



        
          
        

    

  


  


  



    

  
    
      
    
    
      set_high_contrast(enabled, user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Enable or disable high contrast mode.
Parameters
	enabled - true to enable high contrast, false to disable.
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Examples
iex> Preferences.set_high_contrast(true)
:ok

  



    

  
    
      
    
    
      set_large_text(enabled, user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Enable or disable large text mode.
Parameters
	enabled - true to enable large text, false to disable.
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Examples
iex> Preferences.set_large_text(true)
:ok

  



    

  
    
      
    
    
      set_option(key, value, user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Set an accessibility option value.
Parameters
	key - The option key to set
	value - The value to set
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Examples
iex> Preferences.set_option(:high_contrast, true)
:ok

  



    

  
    
      
    
    
      set_reduced_motion(enabled, user_preferences_pid_or_name \\ nil)



        
          
        

    

  


  

Enable or disable reduced motion.
Parameters
	enabled - true to enable reduced motion, false to disable.
	user_preferences_pid_or_name - The PID or registered name of the UserPreferences process to use (optional).

Examples
iex> Preferences.set_reduced_motion(true)
:ok

  


        

      


  

    
Raxol.Core.Accessibility.Projection 
    



      
Projects a declaration Element tree into an accessibility tree.
The accessibility tree is a role/label/state descriptor tree that Surfaces
(MCP, Browser) serialize to drive assistive technology. It is derived from the
same Element tree that Raxol.MCP.TreeWalker walks (the view/1 output synced
to the Dispatcher), so a node here carries the discrete Component props.
For each Element the projection either calls the Component's
Raxol.Core.Accessibility.Provider.a11y_node/1 (for the ~15 Components that
implement it) or falls back to a default extraction driven by
Raxol.Core.Accessibility.Roles. The projection is total: it never raises
for any input, defaulting unknown types to :generic and rescuing a Provider
that itself raises.
Dependency direction
This lives in raxol_core (which Browser and MCP both depend on, but which does
NOT depend on main raxol). The type -> module map names Component modules in
main raxol; they are resolved at runtime only when loaded, guarded by
Provider.provider?/1, so raxol_core stays free of a main-raxol dependency.

      


      
        Summary


  
    Types
  


    
      
        accessibility_node()

      


    





  
    Functions
  


    
      
        by_id(tree, opts \\ [])

      


        Flat id -> accessibility_node map for Surfaces that key ARIA by Element id.



    


    
      
        descriptor(node, opts \\ [])

      


        Projects a single Element's own descriptor -- role/label/state/value/live?/id
-- WITHOUT recursing its children (children is always []).



    


    
      
        project(tree, opts \\ [])

      


        Projects an Element (or list of Elements) into an accessibility node (or list).



    





      


      
        Types


        


  
    
      
    
    
      accessibility_node()



        
          
        

    

  


  

      

          @type accessibility_node() :: %{
  role: atom(),
  label: String.t() | nil,
  state: %{optional(atom()) => boolean() | atom()},
  value: term() | nil,
  children: [accessibility_node()],
  live?: boolean(),
  id: String.t() | nil
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      by_id(tree, opts \\ [])



        
          
        

    

  


  

      

          @spec by_id(map() | [map()] | nil, keyword()) :: %{
  optional(String.t()) => accessibility_node()
}


      


Flat id -> accessibility_node map for Surfaces that key ARIA by Element id.
Only nodes with a non-empty binary id are included.

  



    

  
    
      
    
    
      descriptor(node, opts \\ [])



        
          
        

    

  


  

      

          @spec descriptor(map(), keyword()) :: accessibility_node() | nil


      


Projects a single Element's own descriptor -- role/label/state/value/live?/id
-- WITHOUT recursing its children (children is always []).
For Surfaces that walk the Element tree themselves (e.g. MCP
StructuredScreenshot) and only need per-node a11y fields folded in.

  



    

  
    
      
    
    
      project(tree, opts \\ [])



        
          
        

    

  


  

      

          @spec project(map() | [map()] | nil, keyword()) ::
  accessibility_node() | [accessibility_node()] | nil


      


Projects an Element (or list of Elements) into an accessibility node (or list).
Options
	:type_map - override the declaration-type -> Component-module map
(defaults to the built-in 16-Component map). Mirrors
Raxol.MCP.TreeWalker's context.type_map.


  


        

      


  

    
Raxol.Core.Accessibility.Provider behaviour
    



      
Behaviour a Component implements to describe itself to assistive technology.
Parallels Raxol.MCP.ToolProvider: the callback receives the Component's
declaration Element (the same map mcp_tools/1 receives) and returns an
accessibility node. Raxol.Core.Accessibility.Projection walks the Element
tree and calls this callback for Components that implement it, falling back to
a default role/label extraction otherwise.
A Component knows where its own fields live (field locations are heterogeneous
across the codebase), so co-locating the extractor here keeps each Component
authoritative about its own shape.
Returning children
Omit :children for leaf Components (Button, TextInput, Checkbox) -- the
projection recurses the Element's own children. Set :children only when the
Component synthesizes semantic children not present as Element children
(e.g. SelectList options built from an :options attr, Tabs, Table rows).
Example
@impl Raxol.Core.Accessibility.Provider
def a11y_node(node) do
  %{role: :checkbox, label: node[:label], id: node[:id],
    state: %{checked?: node[:checked] || false}}
end

      


      
        Summary


  
    Types
  


    
      
        provided_node()

      


        What a Provider returns: a partial node. Every key is optional.



    





  
    Callbacks
  


    
      
        a11y_node(element)

      


        Builds an accessibility node from a Component's declaration Element.



    





  
    Functions
  


    
      
        provider?(module)

      


        Returns true when module implements this behaviour.



    





      


      
        Types


        


  
    
      
    
    
      provided_node()



        
          
        

    

  


  

      

          @type provided_node() :: %{
  optional(:role) => atom(),
  optional(:label) => term(),
  optional(:state) => %{optional(atom()) => term()},
  optional(:value) => term(),
  optional(:live?) => boolean(),
  optional(:children) => [provided_node()],
  optional(:id) => term()
}


      


What a Provider returns: a partial node. Every key is optional.
Projection.finalize/3 reads each field with a default (role ->
Roles.default_role/0, state -> %{}, live? -> Roles.live?/1, label
and value -> nil) and supplies :id itself from the Element, so a
Provider supplies only what it knows.
This is deliberately NOT Projection.accessibility_node(). That type is the
normalized node -- all seven keys present -- and declaring it as the
callback's return made all 16 conforming Components a dialyzer
callback_type_mismatch, because none of them returns all seven.
label, value, id and the state values are term() rather than
narrower types on purpose: Providers read their fields out of a declaration
Element with node[:key] / attrs[:key], which is term(), and pass the
result straight through (e.g. label: node[:aria_label] || node[:label],
state: %{variant: attrs[:role]}). Projection.normalize_label/1 and
compact_state/1 are what actually constrain them downstream.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      a11y_node(element)



        
          
        

    

  


  

      

          @callback a11y_node(element :: map()) :: provided_node()


      


Builds an accessibility node from a Component's declaration Element.
Returned maps are normalized by Raxol.Core.Accessibility.Projection:
missing keys are filled (role -> :generic, state -> %{}, live?
derived from the role), so a Provider only needs to supply what it knows.

  


        

      

      
        Functions


        


  
    
      
    
    
      provider?(module)



        
          
        

    

  


  

      

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


      


Returns true when module implements this behaviour.
Guarded with Code.ensure_loaded?/1 so raxol_core can dispatch to Component
modules that live in main raxol (loaded only when main is present) without a
compile-time dependency.

  


        

      


  

    
Raxol.Core.Accessibility.Roles 
    



      
The ARIA role vocabulary for the accessibility tree.
Maps a declaration Element :type to a standard ARIA role and answers which
roles are live regions. This is the single source of truth for the default
type -> role mapping; Components that implement
Raxol.Core.Accessibility.Provider may override the role for their own node,
but the values here are the vocabulary they should draw from.
Interactive and structural Components map to standard ARIA roles. Tables map
to :grid (arrow-navigable, focusable cells) rather than the static :table.
Layout containers map to :group; bare text maps to :text. Unknown types
fall back to :generic so the projection is total.

      


      
        Summary


  
    Functions
  


    
      
        child_role(role)

      


        The conventional child role for a container role, or nil.



    


    
      
        default_role()

      


        The fallback role for Elements with no mapping.



    


    
      
        live?(role)

      


        Whether a role denotes a live region (announced as it changes).



    


    
      
        role_for(type)

      


        The ARIA role for a declaration Element type. Unknown types -> :generic.



    





      


      
        Functions


        


  
    
      
    
    
      child_role(role)



        
          
        

    

  


  

      

          @spec child_role(atom()) :: atom() | nil


      


The conventional child role for a container role, or nil.

  



  
    
      
    
    
      default_role()



        
          
        

    

  


  

      

          @spec default_role() :: atom()


      


The fallback role for Elements with no mapping.

  



  
    
      
    
    
      live?(role)



        
          
        

    

  


  

      

          @spec live?(atom()) :: boolean()


      


Whether a role denotes a live region (announced as it changes).

  



  
    
      
    
    
      role_for(type)



        
          
        

    

  


  

      

          @spec role_for(term()) :: atom()


      


The ARIA role for a declaration Element type. Unknown types -> :generic.

  


        

      


  

    
Raxol.Core.Animation.Hint 
    



      
CSS mapping functions for animation hints.
Provides the canonical CSS property and timing function mappings
used by both the main animation framework (Raxol.Animation.Hint)
and the LiveView bridge (Raxol.LiveView.TerminalBridge).
This module lives in raxol_core so that raxol_liveview can depend
on it without pulling in the full raxol package.

      


      
        Summary


  
    Functions
  


    
      
        to_css_property(arg1)

      


        Maps a Raxol animation property to a CSS property name.



    


    
      
        to_css_timing(arg1)

      


        Maps a Raxol easing atom to a CSS timing function string.



    





      


      
        Functions


        


  
    
      
    
    
      to_css_property(arg1)



        
          
        

    

  


  

      

          @spec to_css_property(atom()) :: String.t() | nil


      


Maps a Raxol animation property to a CSS property name.
Returns nil for properties that have no CSS equivalent.

  



  
    
      
    
    
      to_css_timing(arg1)



        
          
        

    

  


  

      

          @spec to_css_timing(atom()) :: String.t()


      


Maps a Raxol easing atom to a CSS timing function string.
All 30+ easing functions are mapped to their cubic-bezier() equivalents.
Easing names that cannot be expressed as cubic-bezier (bounce, elastic)
fall back to "linear" since CSS cannot natively represent them.

  


        

      


  

    
Raxol.Core.Behaviours.BaseManager behaviour
    



      
Base behavior for manager GenServers to reduce code duplication.
Provides common patterns for state management, lifecycle, and error handling.

      


      
        Summary


  
    Callbacks
  


    
      
        handle_manager_call(any, from, any)

      


        Called to handle manager-specific requests.



    


    
      
        handle_manager_cast(any, any)

      


        Called to handle manager-specific casts.



    


    
      
        handle_manager_info(any, any)

      


        Called to handle manager-specific info messages.



    


    
      
        init_manager(term)

      


        Called to initialize the manager state.
Returns {:ok, state}, or {:stop, reason} to refuse to start: the
process exits with reason and start_link returns {:error, reason}.
For a failure that is a bug, raise.



    





      


      
        Callbacks


        


  
    
      
    
    
      handle_manager_call(any, from, any)


        (optional)


        
          
        

    

  


  

      

          @callback handle_manager_call(any(), GenServer.from(), any()) ::
  {:reply, any(), any()} | {:noreply, any()} | {:stop, any(), any(), any()}


      


Called to handle manager-specific requests.

  



  
    
      
    
    
      handle_manager_cast(any, any)


        (optional)


        
          
        

    

  


  

      

          @callback handle_manager_cast(any(), any()) :: {:noreply, any()} | {:stop, any(), any()}


      


Called to handle manager-specific casts.

  



  
    
      
    
    
      handle_manager_info(any, any)


        (optional)


        
          
        

    

  


  

      

          @callback handle_manager_info(any(), any()) :: {:noreply, any()} | {:stop, any(), any()}


      


Called to handle manager-specific info messages.

  



  
    
      
    
    
      init_manager(term)



        
          
        

    

  


  

      

          @callback init_manager(term()) :: {:ok, any()} | {:stop, term()}


      


Called to initialize the manager state.
Returns {:ok, state}, or {:stop, reason} to refuse to start: the
process exits with reason and start_link returns {:error, reason}.
For a failure that is a bug, raise.

  


        

      


  

    
Raxol.Core.Behaviours.BaseRegistry behaviour
    



      
Base behavior for registry GenServers to reduce code duplication.
Provides common patterns for registering, unregistering, and looking up resources.

      


      
        Summary


  
    Callbacks
  


    
      
        init_registry(keyword)

      


        Called to initialize the registry state.



    


    
      
        on_register(any, any, any)

      


        Called when a resource is registered.



    


    
      
        on_unregister(any, any)

      


        Called when a resource is unregistered.



    


    
      
        validate_resource(any, any)

      


        Called to validate a resource before registration.



    





      


      
        Callbacks


        


  
    
      
    
    
      init_registry(keyword)



        
          
        

    

  


  

      

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


      


Called to initialize the registry state.

  



  
    
      
    
    
      on_register(any, any, any)


        (optional)


        
          
        

    

  


  

      

          @callback on_register(any(), any(), any()) :: any()


      


Called when a resource is registered.

  



  
    
      
    
    
      on_unregister(any, any)


        (optional)


        
          
        

    

  


  

      

          @callback on_unregister(any(), any()) :: any()


      


Called when a resource is unregistered.

  



  
    
      
    
    
      validate_resource(any, any)


        (optional)


        
          
        

    

  


  

      

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


      


Called to validate a resource before registration.

  


        

      


  

    
Raxol.Core.Behaviours.BaseServer behaviour
    



      
Base behavior for general-purpose GenServers to reduce code duplication.
Provides common patterns for server lifecycle, error handling, and state management.

      


      
        Summary


  
    Callbacks
  


    
      
        handle_shutdown(any)

      


        Called to handle server shutdown gracefully.



    


    
      
        init_server(keyword)

      


        Called to initialize the server state.



    





      


      
        Callbacks


        


  
    
      
    
    
      handle_shutdown(any)


        (optional)


        
          
        

    

  


  

      

          @callback handle_shutdown(any()) :: :ok


      


Called to handle server shutdown gracefully.

  



  
    
      
    
    
      init_server(keyword)



        
          
        

    

  


  

      

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


      


Called to initialize the server state.

  


        

      


  

    
Raxol.Core.Behaviours.Lifecycle behaviour
    



      
Common behavior for lifecycle management across different components.
This behavior defines a consistent interface for components that have
initialization, start, stop, and cleanup phases.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


    


    
      
        reason()

      


    


    
      
        state()

      


    





  
    Callbacks
  


    
      
        health_check(state)

      


        Checks if the component is healthy and running.



    


    
      
        init(opts)

      


        Initializes the component with the given options.



    


    
      
        restart(state, opts)

      


        Restarts the component. Default implementation stops then starts.



    


    
      
        start(state, opts)

      


        Starts the component. Called after successful initialization.



    


    
      
        stop(state, reason)

      


        Stops the component gracefully.



    


    
      
        terminate(state, reason)

      


        Cleans up resources. Always called during shutdown.



    





  
    Functions
  


    
      
        __using__(opts)

      


        Default implementations for optional callbacks.



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: keyword()


      



  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: term()


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: any()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      health_check(state)


        (optional)


        
          
        

    

  


  

      

          @callback health_check(state()) :: :ok | {:error, reason()}


      


Checks if the component is healthy and running.

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @callback init(opts()) :: {:ok, state()} | {:error, reason()}


      


Initializes the component with the given options.

  



  
    
      
    
    
      restart(state, opts)


        (optional)


        
          
        

    

  


  

      

          @callback restart(state(), opts()) :: {:ok, state()} | {:error, reason()}


      


Restarts the component. Default implementation stops then starts.

  



  
    
      
    
    
      start(state, opts)



        
          
        

    

  


  

      

          @callback start(state(), opts()) :: {:ok, state()} | {:error, reason()}


      


Starts the component. Called after successful initialization.

  



  
    
      
    
    
      stop(state, reason)



        
          
        

    

  


  

      

          @callback stop(state(), reason()) :: {:ok, state()} | {:error, reason()}


      


Stops the component gracefully.

  



  
    
      
    
    
      terminate(state, reason)



        
          
        

    

  


  

      

          @callback terminate(state(), reason()) :: :ok


      


Cleans up resources. Always called during shutdown.

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Default implementations for optional callbacks.

  


        

      


  

    
Raxol.Core.Behaviours.Metrics behaviour
    



      
Common behavior for metrics collection and reporting.
This behavior defines a consistent interface for components that
collect, track, and report metrics about their operation.

      


      
        Summary


  
    Types
  


    
      
        metric_name()

      


    


    
      
        metric_tags()

      


    


    
      
        metric_value()

      


    


    
      
        metrics()

      


    





  
    Callbacks
  


    
      
        decrement(metric_name, metric_value, metric_tags)

      


        Decrements a counter metric.



    


    
      
        gauge(metric_name, metric_value, metric_tags)

      


        Records a gauge metric value.



    


    
      
        get_metric(metric_name)

      


        Gets a specific metric value.



    


    
      
        get_metrics()

      


        Gets all current metric values.



    


    
      
        histogram(metric_name, metric_value, metric_tags)

      


        Records a histogram/timing metric.



    


    
      
        increment(metric_name, metric_value, metric_tags)

      


        Increments a counter metric.



    


    
      
        reset_metric(metric_name)

      


        Resets a specific metric to its initial value.



    


    
      
        reset_metrics()

      


        Resets all metrics to initial values.



    





  
    Functions
  


    
      
        __using__(opts)

      


        Convenience functions with default implementations.



    





      


      
        Types


        


  
    
      
    
    
      metric_name()



        
          
        

    

  


  

      

          @type metric_name() :: atom() | String.t()


      



  



  
    
      
    
    
      metric_tags()



        
          
        

    

  


  

      

          @type metric_tags() :: keyword()


      



  



  
    
      
    
    
      metric_value()



        
          
        

    

  


  

      

          @type metric_value() :: number()


      



  



  
    
      
    
    
      metrics()



        
          
        

    

  


  

      

          @type metrics() :: map()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      decrement(metric_name, metric_value, metric_tags)



        
          
        

    

  


  

      

          @callback decrement(metric_name(), metric_value(), metric_tags()) :: :ok


      


Decrements a counter metric.

  



  
    
      
    
    
      gauge(metric_name, metric_value, metric_tags)



        
          
        

    

  


  

      

          @callback gauge(metric_name(), metric_value(), metric_tags()) :: :ok


      


Records a gauge metric value.

  



  
    
      
    
    
      get_metric(metric_name)



        
          
        

    

  


  

      

          @callback get_metric(metric_name()) :: metric_value() | nil


      


Gets a specific metric value.

  



  
    
      
    
    
      get_metrics()



        
          
        

    

  


  

      

          @callback get_metrics() :: metrics()


      


Gets all current metric values.

  



  
    
      
    
    
      histogram(metric_name, metric_value, metric_tags)



        
          
        

    

  


  

      

          @callback histogram(metric_name(), metric_value(), metric_tags()) :: :ok


      


Records a histogram/timing metric.

  



  
    
      
    
    
      increment(metric_name, metric_value, metric_tags)



        
          
        

    

  


  

      

          @callback increment(metric_name(), metric_value(), metric_tags()) :: :ok


      


Increments a counter metric.

  



  
    
      
    
    
      reset_metric(metric_name)


        (optional)


        
          
        

    

  


  

      

          @callback reset_metric(metric_name()) :: :ok


      


Resets a specific metric to its initial value.

  



  
    
      
    
    
      reset_metrics()


        (optional)


        
          
        

    

  


  

      

          @callback reset_metrics() :: :ok


      


Resets all metrics to initial values.

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(opts)


        (macro)


        
          
        

    

  


  

Convenience functions with default implementations.

  


        

      


  

    
Raxol.Core.Behaviours.StateManager behaviour
    



      
Behaviour for state management systems.
Defines the callbacks that state manager implementations must provide
for managing application and component state.

      


      
        Summary


  
    Types
  


    
      
        state()

      


    


    
      
        state_key()

      


    


    
      
        state_value()

      


    





  
    Callbacks
  


    
      
        cleanup(state)

      


        Cleans up state management resources.



    


    
      
        delete_state(state, state_key)

      


        Removes a key from the state.



    


    
      
        get_state(state, state_key)

      


        Gets a value from the state.



    


    
      
        init()

      


        Initializes state management system.



    


    
      
        set_state(state, state_key, state_value)

      


        Sets a value in the state.



    


    
      
        update_state(state, state_key, function)

      


        Updates state using a function.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: term()


      



  



  
    
      
    
    
      state_key()



        
          
        

    

  


  

      

          @type state_key() :: term()


      



  



  
    
      
    
    
      state_value()



        
          
        

    

  


  

      

          @type state_value() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      cleanup(state)



        
          
        

    

  


  

      

          @callback cleanup(state()) :: :ok


      


Cleans up state management resources.
Parameters
	state: Current state

Returns
	:ok on successful cleanup


  



  
    
      
    
    
      delete_state(state, state_key)



        
          
        

    

  


  

      

          @callback delete_state(state(), state_key()) :: {:ok, state()}


      


Removes a key from the state.
Parameters
	state: Current state
	key: Key to remove

Returns
	{:ok, new_state} on success


  



  
    
      
    
    
      get_state(state, state_key)



        
          
        

    

  


  

      

          @callback get_state(state(), state_key()) :: {:ok, state_value()} | {:error, :not_found}


      


Gets a value from the state.
Parameters
	state: Current state
	key: Key to retrieve

Returns
	{:ok, value} if key exists
	{:error, :not_found} if key doesn't exist


  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @callback init() :: {:ok, state()} | {:error, term()}


      


Initializes state management system.
Returns
	{:ok, initial_state} on success
	{:error, reason} on failure


  



  
    
      
    
    
      set_state(state, state_key, state_value)



        
          
        

    

  


  

      

          @callback set_state(state(), state_key(), state_value()) ::
  {:ok, state()} | {:error, term()}


      


Sets a value in the state.
Parameters
	state: Current state
	key: Key to set
	value: Value to set

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


  



  
    
      
    
    
      update_state(state, state_key, function)



        
          
        

    

  


  

      

          @callback update_state(state(), state_key(), (state_value() -> state_value())) ::
  {:ok, state()} | {:error, term()}


      


Updates state using a function.
Parameters
	state: Current state
	key: Key to update
	update_fn: Function to apply to the current value

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


  


        

      


  

    
Raxol.Core.Boundary.Evaluation 
    



      
Code-evaluation exposure: the single answer to "does this deployment let a
submitted string be evaluated on this node?".
One of the three centralized boundary confinements (PR #569 thread 2); the
others are Raxol.Core.Boundary.Path (path-traversal) and
Raxol.Core.Boundary.TermText (terminal-injection). This one is neither a
filter nor a resolver -- it never touches untrusted input. It exists because
one deployment fact was read from two different application keys by the two
halves of a single rule, and the two halves could disagree.
The invariant
A node that evaluates submitted code does not hold signing keys. Two
callers enforce it from opposite directions:
	Raxol.Playground.Demos.ReplDemo -- permissive half: evaluates only
when the flag is on.
	Raxol.Payments.Deployment.assert_signing_isolated!/0 -- restrictive
half: refuses to boot a signing node when the flag is on.

They MUST read one predicate. Before this module the demo read
config :raxol, :repl_exposed while the payments assertion read
config :raxol_payments, :repl_exposed, so a deployment that set the former
turned anonymous evaluation on and let a co-located signing node boot
happily -- the invariant held in neither direction (#1045 review).
The flag
Off unless one of these says otherwise:
	RAXOL_REPL_EXPOSED=true in the environment
	config :raxol_core, :repl_exposed, true

Both comparisons are exact, so "1", "TRUE", "true " and any non-true
term all leave evaluation off. An operator who meant to enable it and
mistyped gets the safe answer rather than the permissive one.
Being exposed is necessary but not sufficient for a given surface to
evaluate: a caller may add its own conditions on top (ReplDemo also
accepts a direct local-terminal launch). Nothing may subtract from it.

      


      
        Summary


  
    Functions
  


    
      
        config_key()

      


        The {app, key} application-environment pair exposed?/0 reads.



    


    
      
        env_var()

      


        The environment variable name, for messages that tell an operator how to
flip the flag. Kept here so no caller hardcodes a name that could drift
from exposed?/0.



    


    
      
        exposed?()

      


        Whether this deployment has opted in to evaluating submitted code.



    





      


      
        Functions


        


  
    
      
    
    
      config_key()



        
          
        

    

  


  

      

          @spec config_key() :: {atom(), atom()}


      


The {app, key} application-environment pair exposed?/0 reads.

  



  
    
      
    
    
      env_var()



        
          
        

    

  


  

      

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


      


The environment variable name, for messages that tell an operator how to
flip the flag. Kept here so no caller hardcodes a name that could drift
from exposed?/0.

  



  
    
      
    
    
      exposed?()



        
          
        

    

  


  

      

          @spec exposed?() :: boolean()


      


Whether this deployment has opted in to evaluating submitted code.
See the module documentation for the exact signals and why there is only
one predicate.

  


        

      


  

    
Raxol.Core.Boundary.Path 
    



      
Path-traversal confinement: resolve an untrusted requested reference under
a trusted root and prove the result stays inside that root, rejecting every
escape before any syscall touches the target.
This is the centralized seed of the "same gap, four patches" boundary
(PR #569 thread 2). It is one of three boundary confinements — the others
are Raxol.Core.Boundary.TermText (terminal-injection) and
Raxol.Core.Boundary.Evaluation (code-evaluation exposure). They share a
threat narrative but nothing else, so they are separate functions, not one.
Seeded from the proven Raxol.AgentClientProtocol.Client.FsSandbox.resolve/2
(leaf-symlink and symlinked-ancestor resolution, cycle-guarded, rejecting
before any target syscall) plus PA-6's ref-shape gate. The Agent Client Protocol package keeps
its own tested copy as a documented intentional duplicate; both bind to the
same shared conformance vectors (test/support/boundary_vectors/) so drift is
a red test, not a silent fork.
Rule order
confine/3 enforces these in order. Everything below the ref gate happens
before any syscall on the target (the only I/O is :file.read_link during
symlink resolution, which reads links, never opens/creates the target):
	Ref-shape gate — when ref_format: is given, the RAW requested
string must match the regex, else {:error, :malformed_ref}. Refs are
validated as opaque tokens before they are ever treated as paths. Skipped
when the option is absent.
	Lexical confinement — root = Path.expand(root);
lexical = Path.expand(Path.join(root, requested)). Unless lexical
equals root or starts with root <> "/", {:error, :path_traversal}.
(An absolute requested is jailed under root by Path.join, not
honored.)
	Symlink resolution — a hand-rolled realpath of BOTH root and
lexical: follows a leaf symlink, recurses into the parent so a symlinked
ancestor directory is caught too, resolves POSIX relative link targets
against the link's own directory, and works for a not-yet-existing write
leaf by resolving the deepest existing ancestor. Depth-capped at 40;
a cycle yields {:error, :too_many_symlinks}.
	Post-resolution re-check — the real path must still be within the real
root, else {:error, :symlink_escape}.

Total function: never raises on bad input (a non-binary root/requested
yields {:error, :invalid_input}).

      


      
        Summary


  
    Types
  


    
      
        reason()

      


        Rejection reason returned by confine/3.



    





  
    Functions
  


    
      
        confine(root, requested, opts \\ [])

      


        Confine requested under root.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :malformed_ref
  | :path_traversal
  | :too_many_symlinks
  | :symlink_escape
  | :invalid_input


      


Rejection reason returned by confine/3.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      confine(root, requested, opts \\ [])



        
          
        

    

  


  

      

          @spec confine(String.t(), String.t(), keyword()) ::
  {:ok, String.t()} | {:error, reason()}


      


Confine requested under root.
Returns {:ok, real_absolute_path} when the fully symlink-resolved target
provably stays inside the resolved root, or {:error, reason} (see the
moduledoc rule order for the exact reason per rejection).
Options
	:ref_format — a Regex.t() the RAW requested string must match before
any resolution (e.g. PA-6's
~r/^(blobs|snapshots)\/[0-9a-f]{64}(\.json)?$/). Absent = no gate.


  


        

      


  

    
Raxol.Core.Boundary.TermText 
    



      
Terminal-injection confinement: neutralize ESC/ANSI/control bytes in
untrusted text before it reaches the terminal renderer.
One of the three centralized boundary confinements (PR #569 thread 2); the
others are Raxol.Core.Boundary.Path (path-traversal) and
Raxol.Core.Boundary.Evaluation (code-evaluation exposure). This one has
byte-stream semantics — a total function over binaries, no filesystem, never
errors, never passes a dangerous byte through. It enforces the repo rule
"never embed raw ANSI codes in strings passed to text()" at the untrusted
boundary instead of trusting upstream.
What sanitize/2 strips
In a single left-to-right pass:
	ESC (0x1B) and every sequence it introduces — CSI (ESC [ … final
0x40..0x7E), OSC (ESC ] … BEL/ST; kills title-set and OSC-8
hyperlink smuggling), DCS/APC/PM/SOS (ESC P/ESC _/ESC ^/ESC X …
ST), two-byte ESC <c> forms, and a truncated trailing ESC.
	C0 controls (0x00..0x1F) except the :allow list (default [?\n]).
	DEL (0x7F) and raw C1 controls (0x80..0x9F).
	Format characters that misrepresent a line — the bidi
embedding/override block and isolates (U+202A..U+202E,
U+2066..U+2069), which reorder rendered text (Trojan Source,
CWE-451) so "disabled in a hosted session" can be made to read as
its opposite with nothing an ESC filter would catch; U+200B,
U+200E, U+200F, U+00AD, U+2028, U+2029 and U+FEFF, which
hide or re-break the content a reader is asked to trust; and the tag
characters U+E0000..U+E007F, which carry an invisible ASCII payload
inside ordinary-looking text. ZWJ (U+200D) and ZWNJ (U+200C) are
deliberately KEPT: they join emoji sequences, carry meaning in Indic
and Perso-Arabic scripts, and reorder nothing.
	Invalid UTF-8 bytes → replaced with U+FFFD (never emit a broken
sequence downstream). Raw C1 bytes are stripped (not replaced); other
invalid bytes become U+FFFD.

Valid printable text (including CJK, emoji, and other multi-byte UTF-8) passes
through unchanged. The function never raises and its output contains no ESC
and no disallowed control byte for ANY input binary.
Where confinement happens (authoritative)
Untrusted content is confined at the OUTPUT SINKS, not by walking and
rebuilding a component tree on every frame. Component modules keep their
view data ordinary and do no terminal confinement of their own; they point
here instead of restating this list. The sinks are:
	Cell writes — Raxol.Core.Runtime.Rendering.Backends.sanitize_char/1
delegates to sanitize_cell/1 as a cell enters the screen buffer.
	Terminal emitters — Raxol.Terminal.Renderer and
Raxol.Core.Renderer pass every cell through sanitize_cell/1 and
every OSC 8 URL through sanitize_url/1, immediately before the bytes
are assembled.
	Layout link propagation — Raxol.UI.Layout.Engine confines a
:link attribute with sanitize_url/1 as it propagates.
	Append/paint authority — Raxol.Harness.Surface.ViewText
sanitizes per line while flattening the view tree, over this module's
strip_codepoint?/2 deny set.

A cell sink and a text sink differ in exactly ONE respect: a cell owns a
column, so a disallowed cell is BLANKED (sanitize_cell/1), while
disallowed text is DELETED (sanitize/2). Every sink shares one deny set,
strip_codepoint?/2.

      


      
        Summary


  
    Types
  


    
      
        control_byte()

      


        A C0/allowed control byte value, e.g. ?\t or ?\n.



    





  
    Functions
  


    
      
        sanitize(binary, opts \\ [])

      


        Sanitize binary for safe delivery to a terminal renderer.



    


    
      
        sanitize_cell(char)

      


        Confine one screen CELL's text.



    


    
      
        sanitize_url(url)

      


        Confine a URL for OSC 8 emission: sanitize/2 with allow: [], then a
scheme allowlist (http, https, mailto).



    


    
      
        strip_codepoint?(codepoint, allow \\ ~c"\n")

      


        The deny set, as a predicate over one codepoint.



    





      


      
        Types


        


  
    
      
    
    
      control_byte()



        
          
        

    

  


  

      

          @type control_byte() :: 0..31


      


A C0/allowed control byte value, e.g. ?\t or ?\n.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      sanitize(binary, opts \\ [])



        
          
        

    

  


  

      

          @spec sanitize(binary(), keyword()) :: String.t()


      


Sanitize binary for safe delivery to a terminal renderer.
Total: always returns a String.t(), never raises.
Options
	:allow — a list of C0 control byte values (0..31) to pass through.
Defaults to [?\n]. ESC (0x1B) is never allowed regardless of this
list.


  



  
    
      
    
    
      sanitize_cell(char)



        
          
        

    

  


  

      

          @spec sanitize_cell(term()) :: String.t()


      


Confine one screen CELL's text.
A cell is POSITIONAL: it owns a column. Deleting it (what sanitize/2 does
to text) pulls every cell to its right one column left, so box borders,
table columns and the approval line come apart around a single hostile
byte. A disallowed cell is therefore BLANKED to " ", never deleted, and
an invalid UTF-8 byte becomes the one-column U+FFFD the text path already
substitutes.
A non-binary cell fails closed as "", and an empty cell stays empty:
neither occupies a column to preserve.

  



  
    
      
    
    
      sanitize_url(url)



        
          
        

    

  


  

      

          @spec sanitize_url(term()) :: String.t()


      


Confine a URL for OSC 8 emission: sanitize/2 with allow: [], then a
scheme allowlist (http, https, mailto).
Returns "" for a non-binary, for a URL whose bytes all sanitize away, and
for any other scheme — including a URL with no scheme at all, which a
terminal resolves against a base this process does not control. Callers
read "" as "no link": the label text still renders, it is simply not
clickable.

  



    

  
    
      
    
    
      strip_codepoint?(codepoint, allow \\ ~c"\n")



        
          
        

    

  


  

      

          @spec strip_codepoint?(integer(), [control_byte()]) :: boolean()


      


The deny set, as a predicate over one codepoint.
true when codepoint must never reach a terminal: a C0 control outside
allow, DEL, a C1 control, or one of the format characters listed in the
moduledoc. Public so that every sink — text, cell, and the
Raxol.Harness.Surface.ViewText line scanner — decides with the SAME set
rather than keeping a second list that drifts from this one.

  


        

      


  

    
Raxol.Core.Buffer 
    



      
Compatibility layer for legacy Raxol.Core.Buffer references.
This module exists to maintain backwards compatibility with plugins
that reference the old apps/raxol_core modules.
Maps to Raxol.Terminal.Buffer operations where possible.

      


      
        Summary


  
    Types
  


    
      
        cell()

      


    


    
      
        line()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        clear(buffer)

      


        Clear buffer, resetting all cells to blank



    


    
      
        create_blank_buffer(width, height)

      


        Create blank buffer with lines structure for TerminalBridge compatibility



    


    
      
        get_cell(buffer, x, y)

      


        Get cell at coordinates



    


    
      
        resize(buffer, new_width, new_height)

      


        Resize buffer to new dimensions



    


    
      
        set_cell(buffer, x, y, char, style)

      


        Set cell at coordinates



    


    
      
        to_string(buffer)

      


        Convert buffer to string



    


    
      
        write_at(buffer, x, y, text)

      


        Write text at coordinates



    


    
      
        write_at(buffer, x, y, text, style)

      


    





      


      
        Types


        


  
    
      
    
    
      cell()



        
          
        

    

  


  

      

          @type cell() :: %{char: String.t(), style: map()}


      



  



  
    
      
    
    
      line()



        
          
        

    

  


  

      

          @type line() :: %{cells: [cell()]}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  width: non_neg_integer(),
  height: non_neg_integer(),
  lines: [line()],
  cells: list()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      clear(buffer)



        
          
        

    

  


  

Clear buffer, resetting all cells to blank

  



  
    
      
    
    
      create_blank_buffer(width, height)



        
          
        

    

  


  

Create blank buffer with lines structure for TerminalBridge compatibility

  



  
    
      
    
    
      get_cell(buffer, x, y)



        
          
        

    

  


  

Get cell at coordinates

  



  
    
      
    
    
      resize(buffer, new_width, new_height)



        
          
        

    

  


  

Resize buffer to new dimensions

  



  
    
      
    
    
      set_cell(buffer, x, y, char, style)



        
          
        

    

  


  

Set cell at coordinates

  



  
    
      
    
    
      to_string(buffer)



        
          
        

    

  


  

Convert buffer to string

  



  
    
      
    
    
      write_at(buffer, x, y, text)



        
          
        

    

  


  

Write text at coordinates

  



  
    
      
    
    
      write_at(buffer, x, y, text, style)



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.ChildEnv 
    



      
The environment a spawned OS process gets: the node's own, minus the secrets
the BEAM consumes.
An Erlang port inherits the whole environment of the node. Every place raxol
spawns something a model or a third party chose -- a directive's shell
command, an MCP stdio server, a benchmarked agent package -- would otherwise
hand that process the Sleuth key the fx tool spends, a share-link secret,
a signing key or a bearer token, for a prompt-injected printenv to read.
port_env/1 builds the {:env, _} value for Port.open/2: the caller's own
variables, plus each secret the caller did not set, mapped to false, which
unsets it in the child. A caller that passes a secret explicitly keeps it,
and a caller's own false is passed through as Port's unset marker.
cmd_env/1 is the same for System.cmd/3's :env option, whose unset
marker is nil.
Configuration
Read when a child is spawned, so a runtime change applies to the next one.
The config must be a keyword list and both keys lists of variable names
(strings matching [A-Za-z_][A-Za-z0-9_]*); anything else raises an
ArgumentError naming the key at the next spawn, instead of scrubbing less
than the operator meant:
config :raxol_core, Raxol.Core.ChildEnv,
  # More names to unset, e.g. a custom `Wallets.Env` `env_var:`.
  extra_secrets: ["MY_WALLET_KEY"],
  # Names to let through after all, to EVERY child (see below).
  pass: ["RAXOL_SLEUTH_API_KEY"]
pass: is global: a passed name reaches every child the node spawns --
directive shell commands, MCP stdio servers, the earn bench's agent
packages -- not only the one that needs it. A nested raxol node that needs
the Sleuth key should get it from its own
config :raxol_agent, :web3, fx: [sleuth_api_key: ...] instead; a single spawn site that must hand one child a secret names
it in that call's env (port_env/1 keeps an explicitly given secret).
Using it
Port honours only the LAST {:env, _} in its options, so port_env/1 must
be the only one, or the last: a later {:env, _} drops the scrub silently.
For System.cmd/3, pass cmd_env/1 as :env, never port_env/1: it
takes nil, not false, as the unset marker.
What this does not do
It stops inheritance, not every read. A process running as the same user
can still read the node's launch environment (ps -E on macOS,
/proc/<pid>/environ on Linux). Keeping a secret away from those means not
putting it in the node's environment at all: a config provider, a 0600 file
or op.
Nor does it hide what a caller hands a child on purpose: a variable named
in a spawn's env is readable by everything that child runs.

      


      
        Summary


  
    Functions
  


    
      
        cmd_env(env \\ [])

      


        A System.cmd/3 :env value: env (string names and values, or nil to
unset) followed by every secret it does not name, mapped to nil.



    


    
      
        port_env(env \\ [])

      


        A Port.open/2 :env value: env (names and values as strings or
charlists, or false to unset) followed by every secret it does not name,
unset.



    


    
      
        secrets()

      


        The variables unset in every child: the built-in set plus :extra_secrets, minus :pass.



    





      


      
        Functions


        


    

  
    
      
    
    
      cmd_env(env \\ [])



        
          
        

    

  


  

      

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


      


A System.cmd/3 :env value: env (string names and values, or nil to
unset) followed by every secret it does not name, mapped to nil.

  



    

  
    
      
    
    
      port_env(env \\ [])



        
          
        

    

  


  

      

          @spec port_env([{String.t() | charlist(), String.t() | charlist() | false}]) :: [
  {charlist(), charlist() | false}
]


      


A Port.open/2 :env value: env (names and values as strings or
charlists, or false to unset) followed by every secret it does not name,
unset.

  



  
    
      
    
    
      secrets()



        
          
        

    

  


  

      

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


      


The variables unset in every child: the built-in set plus :extra_secrets, minus :pass.

  


        

      


  

    
Raxol.Core.Colors.Ansi256 
    



      
The xterm 256-color palette's index -> RGB mapping, for indices 16-255.
Lives in raxol_core because it is the only package that raxol,
raxol_terminal and raxol_liveview all depend on, and all three need the
same table. Before this module each kept its own copy and all of them were
wrong in the same way.
The cube
Indices 16-231 are a 6x6x6 cube. xterm's channel levels are
0, 95, 135, 175, 215, 255 -- i.e. 0 for the first step and 55 + n * 40
after it, a deliberately non-linear ramp that gives more resolution in the
dark end where human contrast sensitivity is highest.
Three call sites previously used n * 51, producing
0, 51, 102, 153, 204, 255. Only the two endpoints agree, so 208 of the 216
cube colors rendered wrong -- index 17 came out {0, 0, 51} instead of
{0, 0, 95}. The same buffer therefore rendered different colors in
LiveView than in the terminal renderer.
Raxol.UI.Theming.Palette documents both formulas and names the wrong one
:naive_linear, preserving it deliberately for callers that depend on its
output. This module is only the accurate one; anything that genuinely wants
the naive ramp should say so explicitly rather than get it by accident.
The grayscale ramp
Indices 232-255 are (index - 232) * 10 + 8. Every source in the codebase
already agreed on this one.

      


      
        Summary


  
    Types
  


    
      
        rgb()

      


        An 8-bit-per-channel RGB triple.



    





  
    Functions
  


    
      
        cube_index(value)

      


        The cube axis whose level is nearest value -- the inverse of cube_level/1.



    


    
      
        cube_level(n)

      


        The channel level for one axis of the 6x6x6 cube.



    


    
      
        cube_rgb(index)

      


        RGB for a cube index (16-231).



    


    
      
        grayscale_rgb(index)

      


        RGB for a grayscale-ramp index (232-255).



    


    
      
        to_rgb(index)

      


        RGB for any index at or above 16, dispatching to the cube or the ramp.



    





      


      
        Types


        


  
    
      
    
    
      rgb()



        
          
        

    

  


  

      

          @type rgb() :: {0..255, 0..255, 0..255}


      


An 8-bit-per-channel RGB triple.

  


        

      

      
        Functions


        


  
    
      
    
    
      cube_index(value)



        
          
        

    

  


  

      

          @spec cube_index(0..255) :: 0..5


      


The cube axis whose level is nearest value -- the inverse of cube_level/1.
Lives here, next to the ramp it inverts, because the two halves drifting
apart is the defect this replaces: Raxol.Style.Colors.Formats decoded with
this module's xterm ramp while still encoding with div(v * 6, 256), the
exact inverse of the OLD n * 51 ladder, so 208 of the 216 cube colors
stopped round-tripping.
Thresholds are the midpoints between adjacent levels, so this returns the
genuinely nearest axis for every 0..255 input, ties resolving to the darker
level. A cond rather than a search: this is on the colour-adaptation path
and allocates nothing.
iex> Raxol.Core.Colors.Ansi256.cube_index(0)
0
iex> Raxol.Core.Colors.Ansi256.cube_index(95)
1
iex> Raxol.Core.Colors.Ansi256.cube_index(255)
5
iex> Raxol.Core.Colors.Ansi256.cube_index(100)
1

  



  
    
      
    
    
      cube_level(n)



        
          
        

    

  


  

      

          @spec cube_level(0..5) :: 0..255


      


The channel level for one axis of the 6x6x6 cube.
iex> Raxol.Core.Colors.Ansi256.cube_level(0)
0
iex> Raxol.Core.Colors.Ansi256.cube_level(1)
95
iex> Raxol.Core.Colors.Ansi256.cube_level(5)
255

  



  
    
      
    
    
      cube_rgb(index)



        
          
        

    

  


  

      

          @spec cube_rgb(16..231) :: rgb()


      


RGB for a cube index (16-231).
iex> Raxol.Core.Colors.Ansi256.cube_rgb(16)
{0, 0, 0}
iex> Raxol.Core.Colors.Ansi256.cube_rgb(17)
{0, 0, 95}
iex> Raxol.Core.Colors.Ansi256.cube_rgb(231)
{255, 255, 255}

  



  
    
      
    
    
      grayscale_rgb(index)



        
          
        

    

  


  

      

          @spec grayscale_rgb(232..255) :: rgb()


      


RGB for a grayscale-ramp index (232-255).
iex> Raxol.Core.Colors.Ansi256.grayscale_rgb(232)
{8, 8, 8}
iex> Raxol.Core.Colors.Ansi256.grayscale_rgb(255)
{238, 238, 238}

  



  
    
      
    
    
      to_rgb(index)



        
          
        

    

  


  

      

          @spec to_rgb(16..255) :: rgb()


      


RGB for any index at or above 16, dispatching to the cube or the ramp.
Indices 0-15 are NOT handled here: the base 16 are a terminal-theme
convention, not a computed table, and callers disagree about which
convention they want (VGA, xterm, Tango). Each keeps its own base-16 table
and uses this module only for 16-255.

  


        

      


  

    
Raxol.Core.Config 
    



      
Pure functional configuration management for Raxol.
This module provides purely functional operations on configuration data.
All functions take config as input and return new config as output - no processes,
no side effects except where explicitly documented.
Design
Following Rich Hickey's principle: "State is not a service."
Configuration is just data - maps with namespaced sections. There's no need
to serialize read operations through a GenServer mailbox when the data is
immutable between updates.
Usage
# Create default config
config = Config.new()

# Get/set values
width = Config.get(config, :terminal, :width)
config = Config.put(config, :terminal, :width, 120)

# Merge configs (file load, runtime override)
config = Config.merge(config, loaded_config)

# Get entire namespace
terminal_config = Config.get_namespace(config, :terminal)
Runtime Storage
For runtime access, use Raxol.Core.Config.Store which backs this data
with ETS for fast concurrent reads. This module is the pure functional core.

      


      
        Summary


  
    Types
  


    
      
        key()

      


    


    
      
        namespace()

      


    


    
      
        t()

      


    


    
      
        value()

      


    





  
    Functions
  


    
      
        from_json(json)

      


        Decodes JSON string to config.



    


    
      
        from_map(map)

      


        Creates a config from a map, filling in defaults for missing keys.



    


    
      
        get(config, namespace, key, default \\ nil)

      


        Gets a value from config at namespace/key path.



    


    
      
        get_namespace(config, namespace)

      


        Gets an entire namespace from config.



    


    
      
        merge(base, override)

      


        Deep merges override config into base config.



    


    
      
        new()

      


        Creates a new config with default values for all namespaces.



    


    
      
        put(config, namespace, key, value)

      


        Puts a value into config at namespace/key path.



    


    
      
        put_namespace(config, namespace, namespace_config)

      


        Puts an entire namespace into config.



    


    
      
        reset_namespace(config, namespace)

      


        Resets a namespace to its default values.



    


    
      
        to_json(config)

      


        Encodes config to JSON string.



    


    
      
        validate_namespace(namespace, config)

      


        Validates entire namespace config.



    


    
      
        validate_value(arg1, arg2, value)

      


        Validates config value for a given namespace and key.



    





      


      
        Types


        


  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: atom()


      



  



  
    
      
    
    
      namespace()



        
          
        

    

  


  

      

          @type namespace() ::
  :terminal | :plugins | :performance | :security | :ui | :benchmark


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  version: String.t(),
  terminal: map(),
  plugins: map(),
  performance: map(),
  security: map(),
  ui: map(),
  benchmark: map()
}


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: any()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_json(json)



        
          
        

    

  


  

      

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


      


Decodes JSON string to config.
Examples
{:ok, config} = Config.from_json(json_string)

  



  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

      

          @spec from_map(map()) :: t()


      


Creates a config from a map, filling in defaults for missing keys.

  



    

  
    
      
    
    
      get(config, namespace, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get(t(), namespace(), key(), value()) :: value()


      


Gets a value from config at namespace/key path.
Returns default if namespace or key doesn't exist.
Examples
Config.get(config, :terminal, :width)
Config.get(config, :terminal, :missing, 0)

  



  
    
      
    
    
      get_namespace(config, namespace)



        
          
        

    

  


  

      

          @spec get_namespace(t(), namespace()) :: map()


      


Gets an entire namespace from config.
Examples
terminal = Config.get_namespace(config, :terminal)
# => %{width: 80, height: 24, ...}

  



  
    
      
    
    
      merge(base, override)



        
          
        

    

  


  

      

          @spec merge(t(), map()) :: t()


      


Deep merges override config into base config.
Override values take precedence. Nested maps are merged recursively.
Examples
base = Config.new()
override = %{terminal: %{width: 120}}
config = Config.merge(base, override)
# config.terminal.width => 120
# config.terminal.height => 24 (preserved from base)

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


Creates a new config with default values for all namespaces.
Examples
config = Config.new()
config.terminal.width  # => 80

  



  
    
      
    
    
      put(config, namespace, key, value)



        
          
        

    

  


  

      

          @spec put(t(), namespace(), key(), value()) :: t()


      


Puts a value into config at namespace/key path.
Returns new config (original is unchanged).
Examples
config = Config.put(config, :terminal, :width, 120)

  



  
    
      
    
    
      put_namespace(config, namespace, namespace_config)



        
          
        

    

  


  

      

          @spec put_namespace(t(), namespace(), map()) :: t()


      


Puts an entire namespace into config.
Examples
config = Config.put_namespace(config, :terminal, %{width: 120, height: 40})

  



  
    
      
    
    
      reset_namespace(config, namespace)



        
          
        

    

  


  

      

          @spec reset_namespace(t(), namespace()) :: t()


      


Resets a namespace to its default values.
Examples
config = Config.reset_namespace(config, :terminal)

  



  
    
      
    
    
      to_json(config)



        
          
        

    

  


  

      

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


      


Encodes config to JSON string.
Examples
{:ok, json} = Config.to_json(config)

  



  
    
      
    
    
      validate_namespace(namespace, config)



        
          
        

    

  


  

      

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


      


Validates entire namespace config.
Returns :ok or {:error, [errors]}.

  



  
    
      
    
    
      validate_value(arg1, arg2, value)



        
          
        

    

  


  

      

          @spec validate_value(namespace(), key(), value()) :: :ok | {:error, String.t()}


      


Validates config value for a given namespace and key.
Returns :ok or {:error, reason}.
Examples
Config.validate_value(:terminal, :width, 80)   # => :ok
Config.validate_value(:terminal, :width, -1)   # => {:error, "width must be positive"}

  


        

      


  

    
Raxol.Core.Config.ConfigServer 
    



      
Backward-compatible configuration server.
This module maintains the original API but delegates to the pure functional
Raxol.Core.Config module and ETS-backed Raxol.Core.Config.Store.
Migration Note
This module is retained for backward compatibility. New code should use:
	Raxol.Core.Config for pure functional operations on config data
	Raxol.Core.Config.Store for runtime config access with ETS backing

Architecture Change
Previous: All operations serialized through GenServer mailbox
Current: Reads go directly to ETS, writes coordinate through GenServer
This change improves:
	Read performance (no mailbox serialization)
	Concurrent access (ETS read_concurrency)
	Code clarity (pure functions separated from process management)


      


      
        Summary


  
    Types
  


    
      
        config_key()

      


    


    
      
        config_namespace()

      


    


    
      
        config_value()

      


    





  
    Functions
  


    
      
        child_spec(opts)

      


    


    
      
        get(server \\ __MODULE__, namespace, key, default \\ nil)

      


        Gets configuration value from specified namespace and key.



    


    
      
        get_namespace(server \\ __MODULE__, namespace)

      


        Gets entire namespace configuration.



    


    
      
        load_from_file(server \\ __MODULE__)

      


        Loads configuration from file system.



    


    
      
        reset_namespace(server \\ __MODULE__, namespace)

      


        Resets namespace to default configuration.



    


    
      
        save_to_file(server \\ __MODULE__)

      


        Saves configuration to file system.



    


    
      
        set(server \\ __MODULE__, namespace, key, value)

      


        Sets configuration value in specified namespace and key.



    


    
      
        set_namespace(server \\ __MODULE__, namespace, config)

      


        Sets entire namespace configuration.



    


    
      
        start_link(opts \\ [])

      


        Starts the configuration store.



    


    
      
        validate(server \\ __MODULE__, namespace)

      


        Validates configuration for specified namespace.



    





      


      
        Types


        


  
    
      
    
    
      config_key()



        
          
        

    

  


  

      

          @type config_key() :: Raxol.Core.Config.key()


      



  



  
    
      
    
    
      config_namespace()



        
          
        

    

  


  

      

          @type config_namespace() :: Raxol.Core.Config.namespace()


      



  



  
    
      
    
    
      config_value()



        
          
        

    

  


  

      

          @type config_value() :: Raxol.Core.Config.value()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      get(server \\ __MODULE__, namespace, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get(GenServer.server(), config_namespace(), config_key(), any()) :: any()


      


Gets configuration value from specified namespace and key.
This is now a direct ETS read - fast and concurrent.

  



    

  
    
      
    
    
      get_namespace(server \\ __MODULE__, namespace)



        
          
        

    

  


  

      

          @spec get_namespace(GenServer.server(), config_namespace()) :: map()


      


Gets entire namespace configuration.
Direct ETS read - fast and concurrent.

  



    

  
    
      
    
    
      load_from_file(server \\ __MODULE__)



        
          
        

    

  


  

      

          @spec load_from_file(GenServer.server()) :: :ok | {:error, any()}


      


Loads configuration from file system.

  



    

  
    
      
    
    
      reset_namespace(server \\ __MODULE__, namespace)



        
          
        

    

  


  

      

          @spec reset_namespace(GenServer.server(), config_namespace()) :: :ok


      


Resets namespace to default configuration.

  



    

  
    
      
    
    
      save_to_file(server \\ __MODULE__)



        
          
        

    

  


  

      

          @spec save_to_file(GenServer.server()) :: :ok | {:error, any()}


      


Saves configuration to file system.

  



    

  
    
      
    
    
      set(server \\ __MODULE__, namespace, key, value)



        
          
        

    

  


  

      

          @spec set(GenServer.server(), config_namespace(), config_key(), config_value()) ::
  :ok | {:error, any()}


      


Sets configuration value in specified namespace and key.

  



    

  
    
      
    
    
      set_namespace(server \\ __MODULE__, namespace, config)



        
          
        

    

  


  

      

          @spec set_namespace(GenServer.server(), config_namespace(), map()) :: :ok


      


Sets entire namespace configuration.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the configuration store.
Kept for backward compatibility - delegates to Config.Store.

  



    

  
    
      
    
    
      validate(server \\ __MODULE__, namespace)



        
          
        

    

  


  

      

          @spec validate(GenServer.server(), config_namespace()) :: :ok | {:error, [String.t()]}


      


Validates configuration for specified namespace.

  


        

      


  

    
Raxol.Core.Config.Store 
    



      
ETS-backed configuration store for fast concurrent reads.
This module provides the runtime storage layer for configuration.
It uses ETS for fast concurrent reads (no process serialization)
and a minimal GenServer only for initialization and file persistence.
Design
	ETS for all reads: No mailbox serialization, multiple readers can access concurrently
	GenServer only for: Initialization, file I/O, auto-save timer
	Pure functions from Raxol.Core.Config for all data transformations

Usage
# Start the store (usually in supervision tree)
{:ok, _pid} = Config.Store.start_link([])

# Read (fast ETS lookup, no process call)
width = Config.Store.get(:terminal, :width)
terminal = Config.Store.get_namespace(:terminal)

# Write (goes through GenServer for consistency)
Config.Store.put(:terminal, :width, 120)

# File operations
Config.Store.load_from_file()
Config.Store.save_to_file()

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get(namespace, key, default \\ nil)

      


        Gets a config value. This is a direct ETS read - no process serialization.



    


    
      
        get_all()

      


        Gets the entire config. Direct ETS read.



    


    
      
        get_namespace(namespace)

      


        Gets an entire namespace. Direct ETS read.



    


    
      
        load_from_file()

      


        Loads config from file, merging with current config.



    


    
      
        put(namespace, key, value)

      


        Sets a config value.



    


    
      
        put_namespace(namespace, namespace_config)

      


        Sets an entire namespace.



    


    
      
        reset_namespace(namespace)

      


        Resets a namespace to default values.



    


    
      
        save_to_file()

      


        Saves current config to file.



    


    
      
        start_link(opts)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      get(namespace, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get(
  Raxol.Core.Config.namespace(),
  Raxol.Core.Config.key(),
  Raxol.Core.Config.value()
) ::
  Raxol.Core.Config.value()


      


Gets a config value. This is a direct ETS read - no process serialization.
Examples
Config.Store.get(:terminal, :width)
Config.Store.get(:terminal, :missing, 0)

  



  
    
      
    
    
      get_all()



        
          
        

    

  


  

      

          @spec get_all() :: Raxol.Core.Config.t()


      


Gets the entire config. Direct ETS read.

  



  
    
      
    
    
      get_namespace(namespace)



        
          
        

    

  


  

      

          @spec get_namespace(Raxol.Core.Config.namespace()) :: map()


      


Gets an entire namespace. Direct ETS read.
Examples
Config.Store.get_namespace(:terminal)

  



  
    
      
    
    
      load_from_file()



        
          
        

    

  


  

      

          @spec load_from_file() :: :ok | {:error, any()}


      


Loads config from file, merging with current config.

  



  
    
      
    
    
      put(namespace, key, value)



        
          
        

    

  


  

      

          @spec put(
  Raxol.Core.Config.namespace(),
  Raxol.Core.Config.key(),
  Raxol.Core.Config.value()
) ::
  :ok | {:error, String.t()}


      


Sets a config value.
Examples
Config.Store.put(:terminal, :width, 120)

  



  
    
      
    
    
      put_namespace(namespace, namespace_config)



        
          
        

    

  


  

      

          @spec put_namespace(Raxol.Core.Config.namespace(), map()) :: :ok


      


Sets an entire namespace.
Examples
Config.Store.put_namespace(:terminal, %{width: 120, height: 40})

  



  
    
      
    
    
      reset_namespace(namespace)



        
          
        

    

  


  

      

          @spec reset_namespace(Raxol.Core.Config.namespace()) :: :ok


      


Resets a namespace to default values.

  



  
    
      
    
    
      save_to_file()



        
          
        

    

  


  

      

          @spec save_to_file() :: :ok | {:error, any()}


      


Saves current config to file.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.Defaults 
    



      
Canonical default values for the Raxol framework.
These compile-time constants eliminate magic numbers across packages.
All packages depend on raxol_core, so these are universally accessible.

      


      
        Summary


  
    Functions
  


    
      
        animation_duration_ms()

      


    


    
      
        cache_max_bytes()

      


    


    
      
        cache_ttl_seconds()

      


    


    
      
        cb_half_open_timeout_ms()

      


    


    
      
        cb_open_timeout_ms()

      


    


    
      
        cb_reset_timeout_ms()

      


    


    
      
        cleanup_interval_ms()

      


    


    
      
        cooldown_ms()

      


    


    
      
        debounce_ms()

      


    


    
      
        frame_interval_ms()

      


    


    
      
        health_check_interval_ms()

      


    


    
      
        history_limit()

      


    


    
      
        idle_timeout_ms()

      


    


    
      
        image_size_ceiling()

      


        The largest decoded inline image as %{width:, height:, pixels:}: the
local terminal size ceiling.



    


    
      
        max_image_payload_bytes()

      


        The largest encoded inline image payload, in bytes (4 MiB).



    


    
      
        max_remote_terminal_cells()

      


    


    
      
        max_remote_terminal_height()

      


    


    
      
        max_remote_terminal_width()

      


    


    
      
        max_terminal_cells()

      


    


    
      
        max_terminal_height()

      


    


    
      
        max_terminal_width()

      


    


    
      
        monitor_interval_ms()

      


    


    
      
        page_size()

      


    


    
      
        remote_terminal_size_ceiling()

      


        The remote terminal size ceiling as %{width:, height:, cells:}.



    


    
      
        scrollback_limit()

      


    


    
      
        selected_style()

      


    


    
      
        shutdown_timeout_ms()

      


    


    
      
        sync_interval_ms()

      


    


    
      
        terminal_dimensions()

      


    


    
      
        terminal_height()

      


    


    
      
        terminal_size_ceiling()

      


        The local terminal size ceiling as %{width:, height:, cells:}.



    


    
      
        terminal_width()

      


    


    
      
        timeout_ms()

      


    





      


      
        Functions


        


  
    
      
    
    
      animation_duration_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      cache_max_bytes()



        
          
        

    

  


  


  



  
    
      
    
    
      cache_ttl_seconds()



        
          
        

    

  


  


  



  
    
      
    
    
      cb_half_open_timeout_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      cb_open_timeout_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      cb_reset_timeout_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      cleanup_interval_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      cooldown_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      debounce_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      frame_interval_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      health_check_interval_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      history_limit()



        
          
        

    

  


  


  



  
    
      
    
    
      idle_timeout_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      image_size_ceiling()



        
          
        

    

  


  

The largest decoded inline image as %{width:, height:, pixels:}: the
local terminal size ceiling.

  



  
    
      
    
    
      max_image_payload_bytes()



        
          
        

    

  


  

The largest encoded inline image payload, in bytes (4 MiB).

  



  
    
      
    
    
      max_remote_terminal_cells()



        
          
        

    

  


  


  



  
    
      
    
    
      max_remote_terminal_height()



        
          
        

    

  


  


  



  
    
      
    
    
      max_remote_terminal_width()



        
          
        

    

  


  


  



  
    
      
    
    
      max_terminal_cells()



        
          
        

    

  


  


  



  
    
      
    
    
      max_terminal_height()



        
          
        

    

  


  


  



  
    
      
    
    
      max_terminal_width()



        
          
        

    

  


  


  



  
    
      
    
    
      monitor_interval_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      page_size()



        
          
        

    

  


  


  



  
    
      
    
    
      remote_terminal_size_ceiling()



        
          
        

    

  


  

The remote terminal size ceiling as %{width:, height:, cells:}.

  



  
    
      
    
    
      scrollback_limit()



        
          
        

    

  


  


  



  
    
      
    
    
      selected_style()



        
          
        

    

  


  


  



  
    
      
    
    
      shutdown_timeout_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      sync_interval_ms()



        
          
        

    

  


  


  



  
    
      
    
    
      terminal_dimensions()



        
          
        

    

  


  


  



  
    
      
    
    
      terminal_height()



        
          
        

    

  


  


  



  
    
      
    
    
      terminal_size_ceiling()



        
          
        

    

  


  

The local terminal size ceiling as %{width:, height:, cells:}.

  



  
    
      
    
    
      terminal_width()



        
          
        

    

  


  


  



  
    
      
    
    
      timeout_ms()



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.ErrorHandling 
    



      
Functional error handling patterns for Raxol.
This module provides composable error handling utilities to replace
try/catch blocks with more functional patterns. It implements Result
and Option types along with safe execution functions.
Philosophy
Instead of using try/catch for error handling, we use:
	Result types ({:ok, value} | {:error, reason})

	Safe execution wrappers
	Pipeline-friendly error handling
	Explicit error propagation

Examples
# Instead of try/catch
result = safe_call(fn -> risky_operation() end)

# Chain operations safely
with {:ok, data} <- fetch_data(),
     {:ok, processed} <- process_data(data),
     {:ok, result} <- save_result(processed) do
  {:ok, result}
end

# Safe binary operations
safe_deserialize(binary_data)

      


      
        Summary


  
    Types
  


    
      
        error_context()

      


    


    
      
        error_result()

      


    


    
      
        error_severity()

      


    


    
      
        error_type()

      


    


    
      
        result(ok)

      


    


    
      
        result(ok, error)

      


    





  
    Functions
  


    
      
        ensure_cleanup(main_fun, cleanup_fun)

      


        Ensures cleanup is called regardless of success or failure.



    


    
      
        error(type, message, context \\ %{})

      


        Creates a standardized error tuple.



    


    
      
        execute_pipeline(steps)

      


        Chains multiple {:step, name, fun} tuples, halting on first error.



    


    
      
        execute_with_handling(operation, opts, fun)

      


        Executes a function with error handling, retry, and telemetry.



    


    
      
        flat_map(error, fun)

      


        FlatMaps over a Result type.



    


    
      
        handle_error(error, opts)

      


        Handles an error result with optional recovery.



    


    
      
        handle_genserver_error(error, state, module)

      


        Creates a supervisor-friendly error handler for GenServer processes.



    


    
      
        log_error(operation, error, context \\ %{}, severity \\ :error)

      


        Logs an error with operation context and severity.



    


    
      
        map(error, fun)

      


        Maps over a Result type.



    


    
      
        normalize_error(error)

      


        Converts various error formats to a standardized {:error, type, message, context} tuple.



    


    
      
        safe_apply(module, function, args)

      


        Safely calls a module function if it's exported.



    


    
      
        safe_arithmetic(fun, value, fallback \\ 0)

      


        Safely performs arithmetic with a fallback for nil values.



    


    
      
        safe_batch(functions)

      


        Safely executes multiple operations, collecting all results.



    


    
      
        safe_call(fun)

      


        Safely executes a function and returns a Result type.



    


    
      
        safe_call_with_default(fun, default)

      


        Safely executes a function with a fallback value on error.



    


    
      
        safe_call_with_info(fun)

      


        Safely executes a function and returns error details with stacktrace for re-raising.



    


    
      
        safe_call_with_logging(fun, context)

      


        Safely executes a function with error logging.



    


    
      
        safe_callback(module, function, args)

      


        Safely calls an optional callback on a module.
Returns {:ok, nil} if the callback doesn't exist.



    


    
      
        safe_deserialize(binary)

      


        Safely deserializes Erlang terms from binary data.



    


    
      
        safe_genserver_call(server, message, timeout \\ 5000)

      


        Safely makes a GenServer call with proper error handling.



    


    
      
        safe_read_term(path)

      


        Safely reads and deserializes a file.



    


    
      
        safe_sequence(functions)

      


        Executes operations until one fails.



    


    
      
        safe_serialize(term)

      


        Safely serializes a term to binary.



    


    
      
        safe_write_term(path, term)

      


        Safely writes a term to a file.



    


    
      
        unwrap_or(arg, default)

      


        Unwraps a Result or returns a default value.



    


    
      
        unwrap_or_else(arg, fun)

      


        Unwraps a Result or calls a function to get default.



    


    
      
        with_cleanup(main_fun, cleanup_fun)

      


        Ensures a cleanup function is called even if the main function fails.



    


    
      
        with_error_handling(operation, opts \\ [], list)

      


        Wraps a block with error handling, logging, and optional retry.



    





      


      
        Types


        


  
    
      
    
    
      error_context()



        
          
        

    

  


  

      

          @type error_context() :: map()


      



  



  
    
      
    
    
      error_result()



        
          
        

    

  


  

      

          @type error_result() ::
  {:error, error_type(), String.t()}
  | {:error, error_type(), String.t(), error_context()}


      



  



  
    
      
    
    
      error_severity()



        
          
        

    

  


  

      

          @type error_severity() :: :debug | :info | :warning | :error | :critical


      



  



  
    
      
    
    
      error_type()



        
          
        

    

  


  

      

          @type error_type() ::
  :validation
  | :runtime
  | :system
  | :network
  | :permission
  | :not_found
  | :timeout


      



  



  
    
      
    
    
      result(ok)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      result(ok, error)



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      ensure_cleanup(main_fun, cleanup_fun)



        
          
        

    

  


  

      

          @spec ensure_cleanup((-> any()), (-> any())) ::
  {:ok, any()}
  | {:error,
     Exception.t() | {:exit, term()} | {:throw, term()} | {atom(), term()}}


      


Ensures cleanup is called regardless of success or failure.

  



    

  
    
      
    
    
      error(type, message, context \\ %{})



        
          
        

    

  


  

Creates a standardized error tuple.
Examples
error(:validation, "Invalid email format")
error(:not_found, "User not found", %{user_id: 123})

  



  
    
      
    
    
      execute_pipeline(steps)



        
          
        

    

  


  

Chains multiple {:step, name, fun} tuples, halting on first error.
Examples
steps = [
  {:step, :validate, &validate/1},
  {:step, :process, &process/1}
]
execute_pipeline(steps)

  



  
    
      
    
    
      execute_with_handling(operation, opts, fun)



        
          
        

    

  


  

Executes a function with error handling, retry, and telemetry.

  



  
    
      
    
    
      flat_map(error, fun)



        
          
        

    

  


  

      

          @spec flat_map(result(a), (a -> result(b))) :: result(b) when a: any(), b: any()


      


FlatMaps over a Result type.
Examples
{:ok, 5}
|> flat_map(fn x -> {:ok, x * 2} end)
# => {:ok, 10}

  



  
    
      
    
    
      handle_error(error, opts)



        
          
        

    

  


  

Handles an error result with optional recovery.
Examples
result
|> handle_error(default: "fallback")
|> handle_error(with: fn error -> recover(error) end)

  



  
    
      
    
    
      handle_genserver_error(error, state, module)



        
          
        

    

  


  

Creates a supervisor-friendly error handler for GenServer processes.

  



    

    

  
    
      
    
    
      log_error(operation, error, context \\ %{}, severity \\ :error)



        
          
        

    

  


  

Logs an error with operation context and severity.

  



  
    
      
    
    
      map(error, fun)



        
          
        

    

  


  

      

          @spec map(result(a), (a -> b)) :: result(b) when a: any(), b: any()


      


Maps over a Result type.
Examples
{:ok, 5}
|> map(fn x -> x * 2 end)
# => {:ok, 10}

  



  
    
      
    
    
      normalize_error(error)



        
          
        

    

  


  

Converts various error formats to a standardized {:error, type, message, context} tuple.

  



  
    
      
    
    
      safe_apply(module, function, args)



        
          
        

    

  


  

      

          @spec safe_apply(module(), atom(), list()) :: {:ok, any()} | {:error, atom()}


      


Safely calls a module function if it's exported.
Examples
safe_apply(MyModule, :init, [])

  



    

  
    
      
    
    
      safe_arithmetic(fun, value, fallback \\ 0)



        
          
        

    

  


  

      

          @spec safe_arithmetic((number() -> number()), any(), number()) :: number()


      


Safely performs arithmetic with a fallback for nil values.
Examples
safe_arithmetic(fn x -> x + 10 end, nil, 0)
# => 10 (uses fallback 0, then adds 10)

  



  
    
      
    
    
      safe_batch(functions)



        
          
        

    

  


  

      

          @spec safe_batch([(-> any())]) :: [result(any())]


      


Safely executes multiple operations, collecting all results.
Examples
safe_batch([
  fn -> operation1() end,
  fn -> operation2() end,
  fn -> operation3() end
])
# => [{:ok, result1}, {:error, error2}, {:ok, result3}]

  



  
    
      
    
    
      safe_call(fun)



        
          
        

    

  


  

      

          @spec safe_call((-> any())) ::
  {:ok, any()}
  | {:error,
     Exception.t() | {:exit, term()} | {:throw, term()} | {atom(), term()}}


      


Safely executes a function and returns a Result type.
Examples
iex> safe_call(fn -> 1 + 1 end)
{:ok, 2}

iex> safe_call(fn -> raise "oops" end)
{:error, %RuntimeError{message: "oops"}}

  



  
    
      
    
    
      safe_call_with_default(fun, default)



        
          
        

    

  


  

      

          @spec safe_call_with_default((-> any()), any()) :: any()


      


Safely executes a function with a fallback value on error.
Examples
iex> safe_call_with_default(fn -> raise "oops" end, 42)
42

  



  
    
      
    
    
      safe_call_with_info(fun)



        
          
        

    

  


  

      

          @spec safe_call_with_info((-> any())) ::
  {:ok, any()} | {:error, {atom(), any(), list()}}


      


Safely executes a function and returns error details with stacktrace for re-raising.
Examples
iex> safe_call_with_info(fn -> 42 end)
{:ok, 42}

iex> safe_call_with_info(fn -> raise "oops" end)
{:error, {:error, %RuntimeError{message: "oops"}, [...]}}

  



  
    
      
    
    
      safe_call_with_logging(fun, context)



        
          
        

    

  


  

      

          @spec safe_call_with_logging((-> any()), String.t()) :: result(any())


      


Safely executes a function with error logging.
Examples
safe_call_with_logging(fn -> process() end, "Processing failed")

  



  
    
      
    
    
      safe_callback(module, function, args)



        
          
        

    

  


  

      

          @spec safe_callback(module(), atom(), list()) ::
  {:ok, any()}
  | {:error,
     Exception.t() | {:exit, term()} | {:throw, term()} | {atom(), term()}}


      


Safely calls an optional callback on a module.
Returns {:ok, nil} if the callback doesn't exist.

  



  
    
      
    
    
      safe_deserialize(binary)



        
          
        

    

  


  

      

          @spec safe_deserialize(binary()) :: {:ok, term()} | {:error, :invalid_binary}


      


Safely deserializes Erlang terms from binary data.
Examples
iex> binary = :erlang.term_to_binary({:ok, "data"})
iex> safe_deserialize(binary)
{:ok, {:ok, "data"}}

iex> safe_deserialize("invalid")
{:error, :invalid_binary}

  



    

  
    
      
    
    
      safe_genserver_call(server, message, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec safe_genserver_call(GenServer.server(), any(), timeout()) :: result(any())


      


Safely makes a GenServer call with proper error handling.
Examples
safe_genserver_call(MyServer, :get_state)

  



  
    
      
    
    
      safe_read_term(path)



        
          
        

    

  


  

      

          @spec safe_read_term(Path.t()) :: {:ok, term()} | {:error, atom()}


      


Safely reads and deserializes a file.
Examples
safe_read_term("/path/to/file")

  



  
    
      
    
    
      safe_sequence(functions)



        
          
        

    

  


  

      

          @spec safe_sequence([(-> any())]) :: result([any()])


      


Executes operations until one fails.

  



  
    
      
    
    
      safe_serialize(term)



        
          
        

    

  


  

      

          @spec safe_serialize(term()) :: result(binary())


      


Safely serializes a term to binary.

  



  
    
      
    
    
      safe_write_term(path, term)



        
          
        

    

  


  

      

          @spec safe_write_term(Path.t(), term()) :: result(:ok)


      


Safely writes a term to a file.

  



  
    
      
    
    
      unwrap_or(arg, default)



        
          
        

    

  


  

      

          @spec unwrap_or(result(a), a) :: a when a: any()


      


Unwraps a Result or returns a default value.
Examples
unwrap_or({:ok, 42}, 0)     # => 42
unwrap_or({:error, _}, 0)   # => 0

  



  
    
      
    
    
      unwrap_or_else(arg, fun)



        
          
        

    

  


  

      

          @spec unwrap_or_else(result(a), (-> a)) :: a when a: any()


      


Unwraps a Result or calls a function to get default.
Examples
unwrap_or_else({:error, :not_found}, fn -> fetch_default() end)

  



  
    
      
    
    
      with_cleanup(main_fun, cleanup_fun)



        
          
        

    

  


  

      

          @spec with_cleanup((-> result(a)), (a -> any())) :: result(a) when a: any()


      


Ensures a cleanup function is called even if the main function fails.
Examples
with_cleanup(
  fn -> open_resource() end,
  fn resource -> close_resource(resource) end
)

  



    

  
    
      
    
    
      with_error_handling(operation, opts \\ [], list)


        (macro)


        
          
        

    

  


  

Wraps a block with error handling, logging, and optional retry.
Options
	:context - Additional context map to log with errors
	:severity - Error severity level (default: :error)
	:fallback - Fallback value on error
	:retry - Number of retry attempts (default: 0)
	:retry_delay - Delay between retries in ms (default: 1000)

Examples
import Raxol.Core.ErrorHandling

with_error_handling(:database_query, context: %{user_id: 123}) do
  Repo.get!(User, user_id)
end

  


        

      


  

    
Raxol.Core.ErrorRecovery 
    



      
Error recovery strategies for the Raxol application.
Provides various recovery mechanisms for different types of errors,
including circuit breakers, fallback mechanisms, and graceful degradation.
REFACTORED: All try/catch/rescue blocks replaced with functional patterns.
Features
	Circuit breaker pattern for external services
	Fallback strategies
	Graceful degradation
	Resource cleanup on errors
	State recovery mechanisms


      


      
        Summary


  
    Types
  


    
      
        circuit_state()

      


    


    
      
        recovery_strategy()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        circuit_breaker_init(opts \\ [])

      


        Initializes a circuit breaker with optional configuration.



    


    
      
        circuit_breaker_reset(circuit_breaker)

      


        Resets a circuit breaker to its initial state.



    


    
      
        circuit_breaker_state(circuit_breaker)

      


        Gets the current state of a circuit breaker.



    


    
      
        degrade_gracefully(feature, full_fn, degraded_fn)

      


        Implements graceful degradation for feature availability.



    


    
      
        feature_available?(feature)

      


    


    
      
        handle_manager_cast(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.



    


    
      
        handle_manager_info(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.



    


    
      
        mark_feature_degraded(feature, error)

      


    


    
      
        start_link(init_opts \\ [])

      


        Starts the server, registered under its module name unless :name is
given: the public API calls it by that name.



    


    
      
        with_bulkhead(pool_name, fun, opts \\ [])

      


        Implements bulkhead pattern to isolate failures.



    


    
      
        with_circuit_breaker(circuit_name, fun, opts \\ [])

      


        Executes a function with circuit breaker protection.



    


    
      
        with_cleanup(fun, cleanup_fun)

      


        Ensures cleanup is performed even on error.



    


    
      
        with_fallback(primary_fun, fallback_fun)

      


        Provides fallback mechanism for failed operations.



    


    
      
        with_retry(fun, opts \\ [])

      


        Implements exponential backoff retry strategy.



    





      


      
        Types


        


  
    
      
    
    
      circuit_state()



        
          
        

    

  


  

      

          @type circuit_state() :: :closed | :open | :half_open


      



  



  
    
      
    
    
      recovery_strategy()



        
          
        

    

  


  

      

          @type recovery_strategy() ::
  :retry | :fallback | :circuit_breaker | :degrade | :cleanup


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      circuit_breaker_init(opts \\ [])



        
          
        

    

  


  

Initializes a circuit breaker with optional configuration.

  



  
    
      
    
    
      circuit_breaker_reset(circuit_breaker)



        
          
        

    

  


  

Resets a circuit breaker to its initial state.

  



  
    
      
    
    
      circuit_breaker_state(circuit_breaker)



        
          
        

    

  


  

Gets the current state of a circuit breaker.

  



  
    
      
    
    
      degrade_gracefully(feature, full_fn, degraded_fn)



        
          
        

    

  


  

Implements graceful degradation for feature availability.
This is now a regular function instead of a macro to avoid try/rescue.
Examples
degrade_gracefully(:advanced_search,
  fn -> AdvancedSearch.execute(query) end,
  fn -> BasicSearch.execute(query) end
)

  



  
    
      
    
    
      feature_available?(feature)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_manager_cast(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.

  



  
    
      
    
    
      handle_manager_info(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.

  



  
    
      
    
    
      mark_feature_degraded(feature, error)



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  

Starts the server, registered under its module name unless :name is
given: the public API calls it by that name.

  



    

  
    
      
    
    
      with_bulkhead(pool_name, fun, opts \\ [])



        
          
        

    

  


  

Implements bulkhead pattern to isolate failures.

  



    

  
    
      
    
    
      with_circuit_breaker(circuit_name, fun, opts \\ [])



        
          
        

    

  


  

Executes a function with circuit breaker protection.
Examples
with_circuit_breaker(:external_api, fn ->
  ExternalAPI.call()
end)

  



  
    
      
    
    
      with_cleanup(fun, cleanup_fun)



        
          
        

    

  


  

Ensures cleanup is performed even on error.
Examples
with_cleanup fn ->
  resource = acquire_resource()
  process(resource)
end, fn resource ->
  release_resource(resource)
end

  



  
    
      
    
    
      with_fallback(primary_fun, fallback_fun)



        
          
        

    

  


  

Provides fallback mechanism for failed operations.
Examples
with_fallback fn ->
  fetch_from_primary()
end, fn ->
  fetch_from_cache()
end

  



    

  
    
      
    
    
      with_retry(fun, opts \\ [])



        
          
        

    

  


  

Implements exponential backoff retry strategy.
Options
	:max_retries - Maximum number of retry attempts (default: 3)
	:base_delay - Base delay in milliseconds (default: 100)
	:max_delay - Maximum delay in milliseconds (default: 5000)
	:jitter - Add randomness to delays (default: true)


  


        

      


  

    
Raxol.Core.Events.CloudEvent 
    



      
CloudEvents v1.0 envelope (cloudevents.io).
Standardized event metadata so raxol events can interoperate with
webhook receivers, pub/sub fabrics, and message brokers without
bespoke serialization. Conversion to and from Raxol.Core.Events.Event
is provided by that module.
Required fields
	:specversion - "1.0"
	:id - unique within the source
	:source - URI-reference identifying the producer (e.g. "raxol://node-1")
	:type - reverse-DNS style event type (e.g. "raxol.key")

Optional fields
	:time - DateTime.t() when the event occurred
	:data - event payload (any term)
	:datacontenttype - MIME type of :data (e.g. "application/json")
	:subject - subject of the event in the context of the source

Examples
ce = CloudEvent.new("raxol.key", "raxol://node-1",
  data: %{key: :enter, state: :pressed}
)

map = CloudEvent.to_map(ce)
# => %{specversion: "1.0", id: "...", source: "raxol://node-1",
#      type: "raxol.key", time: ~U[...], data: %{...}}

{:ok, ce2} = CloudEvent.from_map(map)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        from_map(map)

      


        Build a CloudEvent from a map (atom or string keys).



    


    
      
        new(type, source, opts \\ [])

      


        Construct a CloudEvent. type and source are required.



    


    
      
        to_map(ce)

      


        Returns the CloudEvent as a map suitable for JSON encoding.
Nil-valued optional fields are dropped. Atom keys; convert to
string keys at the serialization boundary if needed.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Events.CloudEvent{
  data: term() | nil,
  datacontenttype: String.t() | nil,
  id: String.t(),
  source: String.t(),
  specversion: String.t(),
  subject: String.t() | nil,
  time: DateTime.t() | nil,
  type: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_map(map)



        
          
        

    

  


  

      

          @spec from_map(map()) :: {:ok, t()} | {:error, :missing_required_field}


      


Build a CloudEvent from a map (atom or string keys).
Returns {:error, :missing_required_field} if :id, :source, or
:type is absent. Unknown fields are dropped silently.

  



    

  
    
      
    
    
      new(type, source, opts \\ [])



        
          
        

    

  


  

      

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


      


Construct a CloudEvent. type and source are required.
Options
	:id - explicit id (default: random 16 hex chars)
	:time - DateTime.t() (default: DateTime.utc_now/0)
	:data - event payload
	:datacontenttype - MIME type of :data
	:subject - subject of the event


  



  
    
      
    
    
      to_map(ce)



        
          
        

    

  


  

      

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


      


Returns the CloudEvent as a map suitable for JSON encoding.
Nil-valued optional fields are dropped. Atom keys; convert to
string keys at the serialization boundary if needed.

  


        

      


  

    
Raxol.Core.Events.Event 
    



      
Defines the structure for events in the Raxol system, providing a standardized format
for key presses, mouse actions, and other UI events that components need to process.
Events are structs with a :type and :data field, where :type indicates the event category
(e.g., :key, :mouse, :resize) and :data contains the event-specific details.

      


      
        Summary


  
    Types
  


    
      
        cursor_event()

      


    


    
      
        event_data()

      


    


    
      
        event_type()

      


    


    
      
        focus_event()

      


    


    
      
        focus_target()

      


    


    
      
        key()

      


    


    
      
        key_event()

      


    


    
      
        key_state()

      


    


    
      
        modifiers()

      


    


    
      
        mouse_button()

      


    


    
      
        mouse_event()

      


    


    
      
        mouse_position()

      


    


    
      
        mouse_state()

      


    


    
      
        paste_event()

      


    


    
      
        scroll_direction()

      


    


    
      
        scroll_event()

      


    


    
      
        selection_event()

      


    


    
      
        t()

      


    


    
      
        window_event()

      


    





  
    Functions
  


    
      
        cursor_event(visible, style, blink, position)

      


        Creates a cursor event.



    


    
      
        custom(data)

      


        Creates a simple custom event.



    


    
      
        custom_event(data)

      


        Creates a custom event.



    


    
      
        focus_event(target, focused)

      


        Creates a focus event.



    


    
      
        from_cloud_event(ce)

      


        Build an Event from a Raxol.Core.Events.CloudEvent.



    


    
      
        key(key)

      


        Creates a simple key event with pressed state and no modifiers.



    


    
      
        key_event(key, state, modifiers \\ [])

      


        Creates a keyboard event.



    


    
      
        key_match(char_or_key)

      


        Match macro for key events. Works in pattern match positions (case/function heads).



    


    
      
        key_match(key, extra)

      


        Match macro for key events with additional data fields.



    


    
      
        mouse(button, position)

      


        Creates a simple mouse event with pressed state and no modifiers.



    


    
      
        mouse(button, position, list)

      


        Creates a mouse event with drag state.



    


    
      
        mouse_event(button, position, state \\ :pressed, modifiers \\ [])

      


        Creates a mouse event.



    


    
      
        new(type, data, timestamp \\ DateTime.utc_now())

      


        Creates a new event with the given type and data. Optionally accepts a timestamp (defaults to now).



    


    
      
        paste_event(text, position)

      


        Creates a paste event.



    


    
      
        scroll_event(direction, delta, position)

      


        Creates a scroll event.



    


    
      
        selection_event(start_pos, end_pos, text)

      


        Creates a selection event.



    


    
      
        timer(data)

      


        Creates a simple timer event.



    


    
      
        timer_event(data)

      


        Creates a timer event.



    


    
      
        to_cloud_event(event, opts \\ [])

      


        Convert an Event to a Raxol.Core.Events.CloudEvent.



    


    
      
        window(width, height, action)

      


        Creates a simple window event.



    


    
      
        window_event(width, height, action)

      


        Creates a window event.



    





      


      
        Types


        


  
    
      
    
    
      cursor_event()



        
          
        

    

  


  

      

          @type cursor_event() :: %{
  visible: boolean(),
  style: :block | :line | :underscore,
  blink: boolean(),
  position: {non_neg_integer(), non_neg_integer()}
}


      



  



  
    
      
    
    
      event_data()



        
          
        

    

  


  

      

          @type event_data() :: any()


      



  



  
    
      
    
    
      event_type()



        
          
        

    

  


  

      

          @type event_type() :: atom()


      



  



  
    
      
    
    
      focus_event()



        
          
        

    

  


  

      

          @type focus_event() :: %{target: focus_target(), focused: boolean()}


      



  



  
    
      
    
    
      focus_target()



        
          
        

    

  


  

      

          @type focus_target() :: :component | :window | :application


      



  



  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: atom() | String.t()


      



  



  
    
      
    
    
      key_event()



        
          
        

    

  


  

      

          @type key_event() :: %{key: key(), state: key_state(), modifiers: modifiers()}


      



  



  
    
      
    
    
      key_state()



        
          
        

    

  


  

      

          @type key_state() :: :pressed | :released | :repeat


      



  



  
    
      
    
    
      modifiers()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      mouse_button()



        
          
        

    

  


  

      

          @type mouse_button() :: :left | :right | :middle


      



  



  
    
      
    
    
      mouse_event()



        
          
        

    

  


  

      

          @type mouse_event() :: %{
  button: mouse_button() | nil,
  state: mouse_state() | nil,
  position: mouse_position(),
  modifiers: modifiers()
}


      



  



  
    
      
    
    
      mouse_position()



        
          
        

    

  


  

      

          @type mouse_position() :: {non_neg_integer(), non_neg_integer()}


      



  



  
    
      
    
    
      mouse_state()



        
          
        

    

  


  

      

          @type mouse_state() :: :pressed | :released | :double_click


      



  



  
    
      
    
    
      paste_event()



        
          
        

    

  


  

      

          @type paste_event() :: %{
  text: String.t(),
  position: {non_neg_integer(), non_neg_integer()}
}


      



  



  
    
      
    
    
      scroll_direction()



        
          
        

    

  


  

      

          @type scroll_direction() :: :vertical | :horizontal


      



  



  
    
      
    
    
      scroll_event()



        
          
        

    

  


  

      

          @type scroll_event() :: %{
  direction: scroll_direction(),
  delta: integer(),
  position: {non_neg_integer(), non_neg_integer()}
}


      



  



  
    
      
    
    
      selection_event()



        
          
        

    

  


  

      

          @type selection_event() :: %{
  start_pos: {non_neg_integer(), non_neg_integer()},
  end_pos: {non_neg_integer(), non_neg_integer()},
  text: String.t()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Events.Event{
  data: event_data(),
  mounted: term(),
  render_count: term(),
  timestamp: DateTime.t(),
  type: event_type()
}


      



  



  
    
      
    
    
      window_event()



        
          
        

    

  


  

      

          @type window_event() :: %{
  width: non_neg_integer(),
  height: non_neg_integer(),
  action: :resize | :focus | :blur
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cursor_event(visible, style, blink, position)



        
          
        

    

  


  

Creates a cursor event.
Parameters
	visible - Whether cursor is visible
	style - Cursor style
	blink - Whether cursor should blink
	position - Cursor position


  



  
    
      
    
    
      custom(data)



        
          
        

    

  


  

Creates a simple custom event.

  



  
    
      
    
    
      custom_event(data)



        
          
        

    

  


  

Creates a custom event.
Parameters
	data - Custom event data


  



  
    
      
    
    
      focus_event(target, focused)



        
          
        

    

  


  

Creates a focus event.
Parameters
	target - What received/lost focus
	focused - Whether focus was gained (true) or lost (false)


  



  
    
      
    
    
      from_cloud_event(ce)



        
          
        

    

  


  

      

          @spec from_cloud_event(Raxol.Core.Events.CloudEvent.t()) ::
  {:ok, t()} | {:error, :unknown_event_type}


      


Build an Event from a Raxol.Core.Events.CloudEvent.
Returns {:error, :unknown_event_type} if the CloudEvents type does
not strip to a known atom in the current VM (existing-atoms only, to
avoid memory-leak risk on external input).

  



  
    
      
    
    
      key(key)



        
          
        

    

  


  

Creates a simple key event with pressed state and no modifiers.

  



    

  
    
      
    
    
      key_event(key, state, modifiers \\ [])



        
          
        

    

  


  

Creates a keyboard event.
Parameters
	key - The key that was pressed/released (e.g. :enter, :backspace, "a")
	state - The state of the key (:pressed, :released, :repeat)
	modifiers - List of active modifiers (e.g. [:shift, :ctrl])


  



  
    
      
    
    
      key_match(char_or_key)


        (macro)


        
          
        

    

  


  

Match macro for key events. Works in pattern match positions (case/function heads).
Examples
# Match a character key:
key_match("q") -> ...

# Match a special key:
key_match(:tab) -> ...

# Match with extra data fields:
key_match(:tab, shift: true) -> ...

  



  
    
      
    
    
      key_match(key, extra)


        (macro)


        
          
        

    

  


  

Match macro for key events with additional data fields.
Examples
key_match(:tab, shift: true) -> ...

  



  
    
      
    
    
      mouse(button, position)



        
          
        

    

  


  

Creates a simple mouse event with pressed state and no modifiers.

  



  
    
      
    
    
      mouse(button, position, list)



        
          
        

    

  


  

Creates a mouse event with drag state.

  



    

    

  
    
      
    
    
      mouse_event(button, position, state \\ :pressed, modifiers \\ [])



        
          
        

    

  


  

Creates a mouse event.
Parameters
	button - The mouse button (:left, :right, :middle)
	position - The mouse position as {x, y}
	state - The button state (:pressed, :released, :double_click)
	modifiers - List of active modifiers (e.g. [:shift, :ctrl])


  



    

  
    
      
    
    
      new(type, data, timestamp \\ DateTime.utc_now())



        
          
        

    

  


  

Creates a new event with the given type and data. Optionally accepts a timestamp (defaults to now).

  



  
    
      
    
    
      paste_event(text, position)



        
          
        

    

  


  

Creates a paste event.
Parameters
	text - Pasted text
	position - Paste position


  



  
    
      
    
    
      scroll_event(direction, delta, position)



        
          
        

    

  


  

Creates a scroll event.
Parameters
	direction - Scroll direction
	delta - Amount scrolled (positive or negative)
	position - Current scroll position


  



  
    
      
    
    
      selection_event(start_pos, end_pos, text)



        
          
        

    

  


  

Creates a selection event.
Parameters
	start_pos - Selection start position
	end_pos - Selection end position
	text - Selected text


  



  
    
      
    
    
      timer(data)



        
          
        

    

  


  

Creates a simple timer event.

  



  
    
      
    
    
      timer_event(data)



        
          
        

    

  


  

Creates a timer event.
Parameters
	data - Timer-specific data


  



    

  
    
      
    
    
      to_cloud_event(event, opts \\ [])



        
          
        

    

  


  

      

          @spec to_cloud_event(t(), keyword()) :: Raxol.Core.Events.CloudEvent.t()


      


Convert an Event to a Raxol.Core.Events.CloudEvent.
The CloudEvents type is "raxol.<atom>". The source defaults to
the :event_source application env (or "raxol://localhost").
Options
	:source - override the source URI for this conversion


  



  
    
      
    
    
      window(width, height, action)



        
          
        

    

  


  

Creates a simple window event.

  



  
    
      
    
    
      window_event(width, height, action)



        
          
        

    

  


  

Creates a window event.
Parameters
	width - The window width
	height - The window height
	action - The window action (:resize, :focus, :blur)


  


        

      


  

    
Raxol.Core.Events.EventManager 
    



      
Event management system that wraps :telemetry for backward compatibility.
This module provides a compatibility layer while migrating from a custom event
system to the standard :telemetry library. New code should use :telemetry directly.
Migration Status
This module now delegates to :telemetry internally. The GenServer functionality
is maintained for backward compatibility but will be deprecated in a future version.

      


      
        Summary


  
    Types
  


    
      
        event_data()

      


    


    
      
        event_type()

      


    


    
      
        filter_opts()

      


    


    
      
        handler_fun()

      


    


    
      
        subscription_ref()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        cleanup()

      


        Cleans up the event manager and all resources.



    


    
      
        clear_handlers()

      


        Clears all registered handlers.



    


    
      
        dispatch(event_type)

      


    


    
      
        dispatch(event_type, event_data)

      


        Dispatches an event using :telemetry.



    


    
      
        get_handlers()

      


        Gets all registered handlers.
Returns a list of handler entries.



    


    
      
        init()

      


        Initializes the event manager state.



    


    
      
        notify(manager_pid \\ __MODULE__, event_type, event_data)

      


        Notifies all registered handlers of an event.



    


    
      
        register_handler(event_types, target, handler)

      


        Registers a handler for specific event types.



    


    
      
        start_link(init_opts \\ [])

      


        Starts the server, registered under its module name unless :name is
given: the public API calls it by that name.



    


    
      
        subscribe(event_types, opts \\ [])

      


        Subscribes to event streams with optional filtering.



    


    
      
        unregister_handler(event_types, target, handler)

      


        Unregisters a handler for specific event types.



    


    
      
        unsubscribe(ref)

      


        Unsubscribes from event streams.



    





      


      
        Types


        


  
    
      
    
    
      event_data()



        
          
        

    

  


  

      

          @type event_data() :: map()


      



  



  
    
      
    
    
      event_type()



        
          
        

    

  


  

      

          @type event_type() :: atom()


      



  



  
    
      
    
    
      filter_opts()



        
          
        

    

  


  

      

          @type filter_opts() :: keyword()


      



  



  
    
      
    
    
      handler_fun()



        
          
        

    

  


  

      

          @type handler_fun() :: atom() | {module(), atom()} | function()


      



  



  
    
      
    
    
      subscription_ref()



        
          
        

    

  


  

      

          @type subscription_ref() :: reference()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      cleanup()



        
          
        

    

  


  

      

          @spec cleanup() :: :ok


      


Cleans up the event manager and all resources.

  



  
    
      
    
    
      clear_handlers()



        
          
        

    

  


  

      

          @spec clear_handlers() :: :ok


      


Clears all registered handlers.

  



  
    
      
    
    
      dispatch(event_type)



        
          
        

    

  


  

      

          @spec dispatch(
  {event_type(), event_data()}
  | {event_type(), term(), term()}
  | event_type()
) :: :ok


      



  



  
    
      
    
    
      dispatch(event_type, event_data)



        
          
        

    

  


  

Dispatches an event using :telemetry.
This method now delegates to telemetry for event dispatching while maintaining
backward compatibility with the old API.

  



  
    
      
    
    
      get_handlers()



        
          
        

    

  


  

      

          @spec get_handlers() :: list()


      


Gets all registered handlers.
Returns a list of handler entries.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @spec init() :: :ok


      


Initializes the event manager state.

  



    

  
    
      
    
    
      notify(manager_pid \\ __MODULE__, event_type, event_data)



        
          
        

    

  


  

      

          @spec notify(GenServer.server(), event_type(), event_data()) :: :ok


      


Notifies all registered handlers of an event.

  



  
    
      
    
    
      register_handler(event_types, target, handler)



        
          
        

    

  


  

      

          @spec register_handler(event_type() | [event_type()], pid() | module(), handler_fun()) ::
  :ok


      


Registers a handler for specific event types.
Examples
register_handler(:keyboard, MyModule, :handle_keyboard)
register_handler([:mouse, :touch], self(), :handle_input)

  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  

Starts the server, registered under its module name unless :name is
given: the public API calls it by that name.

  



    

  
    
      
    
    
      subscribe(event_types, opts \\ [])



        
          
        

    

  


  

      

          @spec subscribe([event_type()], filter_opts()) ::
  {:ok, subscription_ref()} | {:error, term()}


      


Subscribes to event streams with optional filtering.
Examples
{:ok, ref} = subscribe([:keyboard, :mouse])
{:ok, ref} = subscribe([:focus], filter: [component_id: "main"])

  



  
    
      
    
    
      unregister_handler(event_types, target, handler)



        
          
        

    

  


  

      

          @spec unregister_handler(
  event_type() | [event_type()],
  pid() | module(),
  handler_fun()
) :: :ok


      


Unregisters a handler for specific event types.

  



  
    
      
    
    
      unsubscribe(ref)



        
          
        

    

  


  

      

          @spec unsubscribe(subscription_ref()) :: :ok


      


Unsubscribes from event streams.

  


        

      


  

    
Raxol.Core.Events.TelemetryAdapter 
    



      
Adapter to migrate from EventManager to :telemetry.
This module provides a compatibility layer to gradually migrate the event system
from the custom EventManager to the standard :telemetry library.
Trace Context
All events automatically include trace context (trace_id, span_id) when available.
Use Raxol.Core.Telemetry.TraceContext to start traces and spans.
Example
alias Raxol.Core.Telemetry.TraceContext

# Start a trace for a request
TraceContext.start_trace()

# All events will now include trace_id
TelemetryAdapter.dispatch(:my_event, %{value: 42})
# => Emits event with metadata: %{trace_id: "abc123", span_id: "def456", ...}

      


      
        Summary


  
    Functions
  


    
      
        dispatch(event_name, data \\ %{})

      


        Dispatches an event using telemetry.



    


    
      
        register_handler(handler_id, event_pattern, handler_fun, config \\ [])

      


        Registers a handler using telemetry.



    


    
      
        unregister_handler(handler_id)

      


        Unregisters a handler using telemetry.



    





      


      
        Functions


        


    

  
    
      
    
    
      dispatch(event_name, data \\ %{})



        
          
        

    

  


  

Dispatches an event using telemetry.
Converts EventManager dispatch calls to telemetry execute calls.
Automatically includes trace context when available.

  



    

  
    
      
    
    
      register_handler(handler_id, event_pattern, handler_fun, config \\ [])



        
          
        

    

  


  

Registers a handler using telemetry.
Converts EventManager handler registration to telemetry attach.

  



  
    
      
    
    
      unregister_handler(handler_id)



        
          
        

    

  


  

Unregisters a handler using telemetry.

  


        

      


  

    
Raxol.Core.Events.TermboxConverter 
    



      
Converts rrex_termbox v2.0.1 NIF events to Raxol.Core.Events.Event structs.
This module handles the translation from the low-level rrex_termbox event format
to the Raxol event system format.

      


      
        Summary


  
    Functions
  


    
      
        convert(event_map)

      


        Converts a rrex_termbox v2.0.1 event map to a Raxol Event struct.



    





      


      
        Functions


        


  
    
      
    
    
      convert(event_map)



        
          
        

    

  


  

      

          @spec convert(map()) ::
  {:ok, Raxol.Core.Events.Event.t()} | :ignore | {:error, term()}


      


Converts a rrex_termbox v2.0.1 event map to a Raxol Event struct.
Parameters
	event_map: The event map from rrex_termbox

Returns
	{:ok, %Event{}} if the conversion was successful
	:ignore if the event should be ignored
	{:error, reason} if the conversion failed


  


        

      


  

    
Raxol.Core.Focus 
    



      
Convenience module for focus management in TEA applications.
Wraps Raxol.Core.FocusManager with a simpler API designed for use
inside init/1 and view/1 callbacks. Opt-in: if setup_focus/1 is
never called, FocusServer is never started and all queries return safe
defaults (nil / false).
Usage
def init(_context) do
  setup_focus([
    {"username", 0},
    {"password", 1},
    {"submit", 2}
  ])
  %{username: "", password: ""}
end

def view(model) do
  # focused?/1 is safe to call even if FocusServer isn't running
  text_input(id: "username", focused: focused?("username"))
end

      


      
        Summary


  
    Functions
  


    
      
        current_focus()

      


        Returns the ID of the currently focused element, or nil.



    


    
      
        focused?(element_id)

      


        Returns true if the given element currently has focus.



    


    
      
        setup_focus(elements)

      


        Registers focusable elements and sets initial focus to the first one.



    





      


      
        Functions


        


  
    
      
    
    
      current_focus()



        
          
        

    

  


  

      

          @spec current_focus() :: binary() | nil


      


Returns the ID of the currently focused element, or nil.
Safe to call at any time -- returns nil if FocusServer is not running.

  



  
    
      
    
    
      focused?(element_id)



        
          
        

    

  


  

      

          @spec focused?(binary()) :: boolean()


      


Returns true if the given element currently has focus.
Safe to call from view/1 -- returns false if FocusServer is not running.

  



  
    
      
    
    
      setup_focus(elements)



        
          
        

    

  


  

      

          @spec setup_focus([{binary(), integer()} | {binary(), integer(), keyword()}]) :: :ok


      


Registers focusable elements and sets initial focus to the first one.
Accepts a list of tuples:
	{id, tab_index} -- register with default opts
	{id, tab_index, opts} -- register with custom opts

Elements are sorted by tab_index; the lowest gets initial focus.

  


        

      


  

    
Raxol.Core.FocusManager 
    



      
Refactored FocusManager that delegates to GenServer implementation.
This module provides the same API as the original FocusManager but uses
a supervised GenServer instead of the Process dictionary for state management.
Migration Notice
This module is a drop-in replacement for Raxol.Core.FocusManager.
All functions maintain backward compatibility while providing improved
fault tolerance and functional programming patterns.
Benefits over Process Dictionary
	Supervised state management with fault tolerance
	Pure functional transformations
	Better debugging and testing capabilities
	Clear separation of concerns
	No global state pollution


      


      
        Summary


  
    Functions
  


    
      
        disable_component(component_id)

      


        Disable a focusable component, preventing it from receiving focus.



    


    
      
        enable_component(component_id)

      


        Enable a previously disabled focusable component.



    


    
      
        ensure_started()

      


        Ensures the FocusManager server is started.
Called automatically when using any function.



    


    
      
        focus_next(opts \\ [])

      


        Move focus to the next focusable element.



    


    
      
        focus_previous(opts \\ [])

      


        Move focus to the previous focusable element.



    


    
      
        get_current_focus()

      


        Alias for get_focused_element/0.



    


    
      
        get_focus_history()

      


        Gets the focus history.



    


    
      
        get_focused_element()

      


        Get the ID of the currently focused element.



    


    
      
        get_next_focusable(current_focus_id)

      


        Get the next focusable element after the given one.



    


    
      
        get_previous_focusable(current_focus_id)

      


        Get the previous focusable element before the given one.



    


    
      
        has_focus?(component_id)

      


        Check if a component has focus.



    


    
      
        register_focus_change_handler(handler_fun)

      


        Register a handler function to be called when focus changes.



    


    
      
        register_focusable(component_id, tab_index, opts \\ [])

      


        Register a focusable component with the focus manager.



    


    
      
        return_to_previous()

      


        Return to the previously focused element.



    


    
      
        set_focus(component_id)

      


        Set focus to a specific component.



    


    
      
        set_initial_focus(component_id)

      


        Set the initial focus to a specific component.



    


    
      
        unregister_focus_change_handler(handler_fun)

      


        Unregister a focus change handler function.



    


    
      
        unregister_focusable(component_id)

      


        Unregister a focusable component.



    





      


      
        Functions


        


  
    
      
    
    
      disable_component(component_id)



        
          
        

    

  


  

Disable a focusable component, preventing it from receiving focus.

  



  
    
      
    
    
      enable_component(component_id)



        
          
        

    

  


  

Enable a previously disabled focusable component.

  



  
    
      
    
    
      ensure_started()



        
          
        

    

  


  

Ensures the FocusManager server is started.
Called automatically when using any function.

  



    

  
    
      
    
    
      focus_next(opts \\ [])



        
          
        

    

  


  

Move focus to the next focusable element.

  



    

  
    
      
    
    
      focus_previous(opts \\ [])



        
          
        

    

  


  

Move focus to the previous focusable element.

  



  
    
      
    
    
      get_current_focus()



        
          
        

    

  


  

Alias for get_focused_element/0.

  



  
    
      
    
    
      get_focus_history()



        
          
        

    

  


  

Gets the focus history.

  



  
    
      
    
    
      get_focused_element()



        
          
        

    

  


  

Get the ID of the currently focused element.

  



  
    
      
    
    
      get_next_focusable(current_focus_id)



        
          
        

    

  


  

Get the next focusable element after the given one.

  



  
    
      
    
    
      get_previous_focusable(current_focus_id)



        
          
        

    

  


  

Get the previous focusable element before the given one.

  



  
    
      
    
    
      has_focus?(component_id)



        
          
        

    

  


  

Check if a component has focus.

  



  
    
      
    
    
      register_focus_change_handler(handler_fun)



        
          
        

    

  


  

Register a handler function to be called when focus changes.

  



    

  
    
      
    
    
      register_focusable(component_id, tab_index, opts \\ [])



        
          
        

    

  


  

Register a focusable component with the focus manager.

  



  
    
      
    
    
      return_to_previous()



        
          
        

    

  


  

Return to the previously focused element.

  



  
    
      
    
    
      set_focus(component_id)



        
          
        

    

  


  

Set focus to a specific component.

  



  
    
      
    
    
      set_initial_focus(component_id)



        
          
        

    

  


  

Set the initial focus to a specific component.

  



  
    
      
    
    
      unregister_focus_change_handler(handler_fun)



        
          
        

    

  


  

Unregister a focus change handler function.

  



  
    
      
    
    
      unregister_focusable(component_id)



        
          
        

    

  


  

Unregister a focusable component.

  


        

      


  

    
Raxol.Core.FocusManager.Behaviour behaviour
    



      
Defines the behaviour for focus management services.

      


      
        Summary


  
    Callbacks
  


    
      
        disable_component(component_id)

      


        Disables a focusable component.



    


    
      
        enable_component(component_id)

      


        Enables a previously disabled focusable component.



    


    
      
        focus_next(opts)

      


        Moves focus to the next focusable element.



    


    
      
        focus_previous(opts)

      


        Moves focus to the previous focusable element.



    


    
      
        get_current_focus()

      


        Alias for get_focused_element/0.



    


    
      
        get_focus_history()

      


        Gets the focus history.



    


    
      
        get_focused_element()

      


        Gets the ID of the currently focused element.



    


    
      
        get_next_focusable(current_focus_id)

      


        Gets the next focusable element after the given one.



    


    
      
        get_previous_focusable(current_focus_id)

      


        Gets the previous focusable element before the given one.



    


    
      
        has_focus?(component_id)

      


        Checks if a component has focus.



    


    
      
        register_focus_change_handler(handler_fun)

      


        Registers a handler function to be called when focus changes.
The handler function should accept two arguments: old_focus and new_focus.



    


    
      
        register_focusable(component_id, tab_index, opts)

      


        Registers a focusable component.



    


    
      
        return_to_previous()

      


        Returns to the previously focused element.



    


    
      
        set_focus(component_id)

      


        Sets focus to a specific component.



    


    
      
        set_initial_focus(component_id)

      


        Sets the initial focus to a specific component.



    


    
      
        unregister_focus_change_handler(handler_fun)

      


        Unregisters a focus change handler function.



    


    
      
        unregister_focusable(component_id)

      


        Unregisters a focusable component.



    





      


      
        Callbacks


        


  
    
      
    
    
      disable_component(component_id)



        
          
        

    

  


  

      

          @callback disable_component(component_id :: String.t()) :: :ok


      


Disables a focusable component.

  



  
    
      
    
    
      enable_component(component_id)



        
          
        

    

  


  

      

          @callback enable_component(component_id :: String.t()) :: :ok


      


Enables a previously disabled focusable component.

  



  
    
      
    
    
      focus_next(opts)



        
          
        

    

  


  

      

          @callback focus_next(opts :: Keyword.t()) :: :ok


      


Moves focus to the next focusable element.

  



  
    
      
    
    
      focus_previous(opts)



        
          
        

    

  


  

      

          @callback focus_previous(opts :: Keyword.t()) :: :ok


      


Moves focus to the previous focusable element.

  



  
    
      
    
    
      get_current_focus()



        
          
        

    

  


  

      

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


      


Alias for get_focused_element/0.

  



  
    
      
    
    
      get_focus_history()



        
          
        

    

  


  

      

          @callback get_focus_history() :: [String.t() | nil]


      


Gets the focus history.

  



  
    
      
    
    
      get_focused_element()



        
          
        

    

  


  

      

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


      


Gets the ID of the currently focused element.

  



  
    
      
    
    
      get_next_focusable(current_focus_id)



        
          
        

    

  


  

      

          @callback get_next_focusable(current_focus_id :: String.t() | nil) :: String.t() | nil


      


Gets the next focusable element after the given one.

  



  
    
      
    
    
      get_previous_focusable(current_focus_id)



        
          
        

    

  


  

      

          @callback get_previous_focusable(current_focus_id :: String.t() | nil) :: String.t() | nil


      


Gets the previous focusable element before the given one.

  



  
    
      
    
    
      has_focus?(component_id)



        
          
        

    

  


  

      

          @callback has_focus?(component_id :: String.t()) :: boolean()


      


Checks if a component has focus.

  



  
    
      
    
    
      register_focus_change_handler(handler_fun)



        
          
        

    

  


  

      

          @callback register_focus_change_handler(
  handler_fun :: (String.t() | nil, String.t() | nil -> any())
) :: :ok


      


Registers a handler function to be called when focus changes.
The handler function should accept two arguments: old_focus and new_focus.

  



  
    
      
    
    
      register_focusable(component_id, tab_index, opts)



        
          
        

    

  


  

      

          @callback register_focusable(
  component_id :: String.t(),
  tab_index :: integer(),
  opts :: Keyword.t()
) :: :ok


      


Registers a focusable component.

  



  
    
      
    
    
      return_to_previous()



        
          
        

    

  


  

      

          @callback return_to_previous() :: :ok


      


Returns to the previously focused element.

  



  
    
      
    
    
      set_focus(component_id)



        
          
        

    

  


  

      

          @callback set_focus(component_id :: String.t()) :: :ok


      


Sets focus to a specific component.

  



  
    
      
    
    
      set_initial_focus(component_id)



        
          
        

    

  


  

      

          @callback set_initial_focus(component_id :: String.t()) :: :ok


      


Sets the initial focus to a specific component.

  



  
    
      
    
    
      unregister_focus_change_handler(handler_fun)



        
          
        

    

  


  

      

          @callback unregister_focus_change_handler(
  handler_fun :: (String.t() | nil, String.t() | nil -> any())
) ::
  :ok


      


Unregisters a focus change handler function.

  



  
    
      
    
    
      unregister_focusable(component_id)



        
          
        

    

  


  

      

          @callback unregister_focusable(component_id :: String.t()) :: :ok


      


Unregisters a focusable component.

  


        

      


  

    
Raxol.Core.FocusManager.FocusServer 
    



      
GenServer implementation for focus management.
Provides accessibility focus management with tab ordering,
focus history, and component registration.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        disable_component(server, component_id)

      


        Disable a component from focus.



    


    
      
        enable_component(server, component_id)

      


        Enable a component for focus.



    


    
      
        focus_next(server, opts \\ [])

      


        Focus next component in tab order.



    


    
      
        focus_previous(server, opts \\ [])

      


        Focus previous component in tab order.



    


    
      
        get_focus_history(server)

      


        Get focus history.



    


    
      
        get_focused_element(server)

      


        Get currently focused element.



    


    
      
        get_next_focusable(server, current_focus_id)

      


        Get next focusable component.



    


    
      
        get_previous_focusable(server, current_focus_id)

      


        Get previous focusable component.



    


    
      
        handle_manager_cast(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.



    


    
      
        handle_manager_info(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.



    


    
      
        has_focus?(server, component_id)

      


        Check if component has focus.



    


    
      
        register_focus_change_handler(server, handler_fun)

      


        Register focus change handler.



    


    
      
        register_focusable(server, component_id, tab_index, opts \\ [])

      


        Register a focusable component.



    


    
      
        return_to_previous(server)

      


        Return to previous focus.



    


    
      
        set_focus(server, component_id)

      


        Set focus to a component.



    


    
      
        set_initial_focus(server, component_id)

      


        Set initial focus.



    


    
      
        start_link(init_opts \\ [])

      


    


    
      
        unregister_focus_change_handler(server, handler_fun)

      


        Unregister focus change handler.



    


    
      
        unregister_focusable(server, component_id)

      


        Unregister a focusable component.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.FocusManager.FocusServer{
  current_focus: binary() | nil,
  enabled_components: MapSet.t(),
  focus_handlers: list(),
  focus_history: list(),
  focusable_components: map(),
  tab_order: list()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      disable_component(server, component_id)



        
          
        

    

  


  

Disable a component from focus.

  



  
    
      
    
    
      enable_component(server, component_id)



        
          
        

    

  


  

Enable a component for focus.

  



    

  
    
      
    
    
      focus_next(server, opts \\ [])



        
          
        

    

  


  

Focus next component in tab order.

  



    

  
    
      
    
    
      focus_previous(server, opts \\ [])



        
          
        

    

  


  

Focus previous component in tab order.

  



  
    
      
    
    
      get_focus_history(server)



        
          
        

    

  


  

Get focus history.

  



  
    
      
    
    
      get_focused_element(server)



        
          
        

    

  


  

Get currently focused element.

  



  
    
      
    
    
      get_next_focusable(server, current_focus_id)



        
          
        

    

  


  

Get next focusable component.

  



  
    
      
    
    
      get_previous_focusable(server, current_focus_id)



        
          
        

    

  


  

Get previous focusable component.

  



  
    
      
    
    
      handle_manager_cast(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.

  



  
    
      
    
    
      handle_manager_info(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.

  



  
    
      
    
    
      has_focus?(server, component_id)



        
          
        

    

  


  

Check if component has focus.

  



  
    
      
    
    
      register_focus_change_handler(server, handler_fun)



        
          
        

    

  


  

Register focus change handler.

  



    

  
    
      
    
    
      register_focusable(server, component_id, tab_index, opts \\ [])



        
          
        

    

  


  

Register a focusable component.

  



  
    
      
    
    
      return_to_previous(server)



        
          
        

    

  


  

Return to previous focus.

  



  
    
      
    
    
      set_focus(server, component_id)



        
          
        

    

  


  

Set focus to a component.

  



  
    
      
    
    
      set_initial_focus(server, component_id)



        
          
        

    

  


  

Set initial focus.

  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      unregister_focus_change_handler(server, handler_fun)



        
          
        

    

  


  

Unregister focus change handler.

  



  
    
      
    
    
      unregister_focusable(server, component_id)



        
          
        

    

  


  

Unregister a focusable component.

  


        

      


  

    
Raxol.Core.I18n 
    



      
Refactored internationalization module using GenServer for state management.
This module provides the same API as the original I18n module but delegates
all state management to a supervised GenServer, eliminating Process dictionary usage.
Migration Guide
	Add the I18n.I18nServer to your supervision tree:
 children = [
   {Raxol.Core.I18n.I18nServer, name: Raxol.Core.I18n.I18nServer, config: config}
 ]

	Replace Raxol.Core.I18n with Raxol.Core.I18n in your code

	All API calls remain the same



      


      
        Summary


  
    Functions
  


    
      
        add_translations(locale, translations)

      


        Add or update translations for a locale.



    


    
      
        available_locales()

      


        Get all available locales.



    


    
      
        cleanup()

      


        Clean up i18n resources.



    


    
      
        format_currency(amount, currency_code)

      


        Format a currency amount according to the current locale.



    


    
      
        format_datetime(datetime)

      


        Format a datetime according to the current locale.



    


    
      
        get_locale()

      


        Get the current locale.



    


    
      
        handle_locale_changed(event)

      


        Handle locale changed events.



    


    
      
        init(config \\ [])

      


        Initialize the i18n framework.



    


    
      
        rtl?()

      


        Check if the current locale is right-to-left.



    


    
      
        set_locale(locale)

      


        Set the current locale.



    


    
      
        t(key, bindings \\ %{})

      


        Get a translated string for the given key.



    





      


      
        Functions


        


  
    
      
    
    
      add_translations(locale, translations)



        
          
        

    

  


  

Add or update translations for a locale.
Examples
iex> I18n.add_translations("en", %{
...>   "new_key" => "New translation",
...>   "another_key" => "Another translation"
...> })
:ok

  



  
    
      
    
    
      available_locales()



        
          
        

    

  


  

Get all available locales.

  



  
    
      
    
    
      cleanup()



        
          
        

    

  


  

Clean up i18n resources.
With GenServer, cleanup happens automatically when the server stops.

  



  
    
      
    
    
      format_currency(amount, currency_code)



        
          
        

    

  


  

Format a currency amount according to the current locale.
Examples
iex> I18n.format_currency(1234.56, "USD")
"$1,234.56"

iex> I18n.set_locale("fr")
iex> I18n.format_currency(1234.56, "EUR")
"1 234,56 €"

  



  
    
      
    
    
      format_datetime(datetime)



        
          
        

    

  


  

Format a datetime according to the current locale.
Examples
iex> dt = DateTime.utc_now()
iex> I18n.format_datetime(dt)
"December 12, 2025 at 3:45 PM"

  



  
    
      
    
    
      get_locale()



        
          
        

    

  


  

Get the current locale.
Examples
iex> I18n.get_locale()
"en"

  



  
    
      
    
    
      handle_locale_changed(event)



        
          
        

    

  


  

Handle locale changed events.
This is now handled internally by the server.

  



    

  
    
      
    
    
      init(config \\ [])



        
          
        

    

  


  

Initialize the i18n framework.
Now initializes the GenServer state instead of Process dictionary.

  



  
    
      
    
    
      rtl?()



        
          
        

    

  


  

Check if the current locale is right-to-left.
Examples
iex> I18n.set_locale("ar")
iex> I18n.rtl?()
true

iex> I18n.set_locale("en")
iex> I18n.rtl?()
false

  



  
    
      
    
    
      set_locale(locale)



        
          
        

    

  


  

Set the current locale.
Examples
iex> I18n.set_locale("fr")
:ok

iex> I18n.set_locale("invalid")
{:error, :locale_not_available}

  



    

  
    
      
    
    
      t(key, bindings \\ %{})



        
          
        

    

  


  

Get a translated string for the given key.
Examples
iex> I18n.t("welcome_message")
"Welcome!"

iex> I18n.t("hello_name", %{name: "John"})
"Hello, John!"

  


        

      


  

    
Raxol.Core.I18n.I18nServer 
    



      
ETS-backed internationalization server.
Uses ETS for fast concurrent reads (translations, locale lookups)
with a minimal GenServer only for initialization and table ownership.

      


      
        Summary


  
    Functions
  


    
      
        add_translations(server, locale, translations)

      


        Add translations for a locale.



    


    
      
        available_locales(server)

      


        Get available locales.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        format_currency(server, amount, currency_code)

      


        Format currency amount.



    


    
      
        format_datetime(server, datetime)

      


        Format datetime.



    


    
      
        get_locale(server)

      


        Get the current locale.



    


    
      
        init_i18n(server, config)

      


        Initialize the i18n system with configuration.



    


    
      
        rtl?(server)

      


        Check if current locale is right-to-left.



    


    
      
        set_locale(server, locale)

      


        Set the current locale.



    


    
      
        start_link(opts)

      


    


    
      
        t(server, key, bindings \\ %{})

      


        Translate a key with optional bindings.



    





      


      
        Functions


        


  
    
      
    
    
      add_translations(server, locale, translations)



        
          
        

    

  


  

Add translations for a locale.

  



  
    
      
    
    
      available_locales(server)



        
          
        

    

  


  

Get available locales.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      format_currency(server, amount, currency_code)



        
          
        

    

  


  

Format currency amount.

  



  
    
      
    
    
      format_datetime(server, datetime)



        
          
        

    

  


  

Format datetime.

  



  
    
      
    
    
      get_locale(server)



        
          
        

    

  


  

Get the current locale.

  



  
    
      
    
    
      init_i18n(server, config)



        
          
        

    

  


  

Initialize the i18n system with configuration.

  



  
    
      
    
    
      rtl?(server)



        
          
        

    

  


  

Check if current locale is right-to-left.

  



  
    
      
    
    
      set_locale(server, locale)



        
          
        

    

  


  

Set the current locale.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      t(server, key, bindings \\ %{})



        
          
        

    

  


  

Translate a key with optional bindings.

  


        

      


  

    
Raxol.Core.KeyboardNavigator 
    



      
Refactored KeyboardNavigator that delegates to GenServer implementation.
This module provides the same API as the original KeyboardNavigator but uses
a supervised GenServer instead of the Process dictionary for state management.
Migration Notice
This module is a drop-in replacement for Raxol.Core.KeyboardNavigator.
All functions maintain backward compatibility while providing improved
fault tolerance and functional programming patterns.
Benefits over Process Dictionary
	Supervised state management with fault tolerance
	Pure functional navigation logic
	Spatial navigation with efficient neighbor calculation
	Navigation history stack for back navigation
	Group-based navigation support
	Better debugging and testing capabilities
	No global state pollution

New Features
	Focus stack for back navigation
	Component grouping for logical navigation
	Enhanced spatial navigation algorithms
	Configurable navigation strategies


      


      
        Summary


  
    Functions
  


    
      
        clear_navigation_paths()

      


        Clear all navigation paths.



    


    
      
        clear_spatial_map()

      


        Clear all spatial mappings.



    


    
      
        configure(opts \\ [])

      


        Configure keyboard navigation behavior.



    


    
      
        define_navigation_path(from_id, direction, to_id)

      


        Define explicit navigation paths between components.



    


    
      
        ensure_started()

      


        Ensures the Keyboard Navigator server is started.



    


    
      
        get_config()

      


        Gets the current configuration.



    


    
      
        get_navigation_paths()

      


        Gets navigation paths.



    


    
      
        get_spatial_map()

      


        Gets the spatial map.



    


    
      
        handle_keyboard_event(event)

      


        Handle keyboard events for navigation.



    


    
      
        init()

      


        Initialize the keyboard navigator.



    


    
      
        pop_focus()

      


        Pop and return to the previous focus.



    


    
      
        push_focus(component_id)

      


        Push current focus to the navigation stack.



    


    
      
        register_component_position(component_id, x, y, width, height)

      


        Register component positions for spatial navigation.



    


    
      
        register_to_group(component_id, group_name)

      


        Register a component to a navigation group.



    


    
      
        reset()

      


        Reset the navigator to initial state.



    


    
      
        unregister_from_group(component_id, group_name)

      


        Unregister a component from a navigation group.



    





      


      
        Functions


        


  
    
      
    
    
      clear_navigation_paths()



        
          
        

    

  


  

Clear all navigation paths.

  



  
    
      
    
    
      clear_spatial_map()



        
          
        

    

  


  

Clear all spatial mappings.

  



    

  
    
      
    
    
      configure(opts \\ [])



        
          
        

    

  


  

Configure keyboard navigation behavior.
Options
	:next_key - Key to move to next element (default: :tab)
	:previous_key - Key to move to previous element (default: :tab with shift)
	:activate_keys - Keys to activate elements (default: [:enter, :space])
	:dismiss_key - Key to dismiss or go back (default: :escape)
	:arrow_navigation - Enable arrow key navigation (default: true)
	:vim_keys - Enable vim-style navigation with h,j,k,l (default: false)
	:group_navigation - Enable group-based navigation (default: true)
	:spatial_navigation - Enable spatial navigation for grid layouts (default: false)
	:tab_navigation - Enable tab-based navigation (default: true)


  



  
    
      
    
    
      define_navigation_path(from_id, direction, to_id)



        
          
        

    

  


  

Define explicit navigation paths between components.
This allows customizing navigation beyond spatial or tab order.
Parameters
	from_id - Component ID to navigate from
	direction - Navigation direction (:up, :down, :left, :right)
	to_id - Component ID to navigate to


  



  
    
      
    
    
      ensure_started()



        
          
        

    

  


  

Ensures the Keyboard Navigator server is started.

  



  
    
      
    
    
      get_config()



        
          
        

    

  


  

Gets the current configuration.
For backward compatibility with Process dictionary version.

  



  
    
      
    
    
      get_navigation_paths()



        
          
        

    

  


  

Gets navigation paths.
For backward compatibility with Process dictionary version.

  



  
    
      
    
    
      get_spatial_map()



        
          
        

    

  


  

Gets the spatial map.
For backward compatibility with Process dictionary version.

  



  
    
      
    
    
      handle_keyboard_event(event)



        
          
        

    

  


  

Handle keyboard events for navigation.
This function is called by the EventManager when keyboard events occur.
The actual processing is delegated to the server.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

Initialize the keyboard navigator.
This registers event handlers for keyboard navigation.

  



  
    
      
    
    
      pop_focus()



        
          
        

    

  


  

Pop and return to the previous focus.
Returns the component ID that was restored, or nil if stack was empty.

  



  
    
      
    
    
      push_focus(component_id)



        
          
        

    

  


  

Push current focus to the navigation stack.
Useful for modal dialogs or nested navigation contexts.

  



  
    
      
    
    
      register_component_position(component_id, x, y, width, height)



        
          
        

    

  


  

Register component positions for spatial navigation.
This allows arrow keys to navigate components based on their physical layout.

  



  
    
      
    
    
      register_to_group(component_id, group_name)



        
          
        

    

  


  

Register a component to a navigation group.
Groups allow logical navigation between related components.

  



  
    
      
    
    
      reset()



        
          
        

    

  


  

Reset the navigator to initial state.

  



  
    
      
    
    
      unregister_from_group(component_id, group_name)



        
          
        

    

  


  

Unregister a component from a navigation group.

  


        

      


  

    
Raxol.Core.KeyboardNavigator.NavigatorServer 
    



      
BaseManager implementation for keyboard navigation in Raxol terminal UI applications.
This server provides a pure functional approach to keyboard navigation,
eliminating Process dictionary usage and implementing proper OTP patterns.
Features
	Tab-based keyboard navigation between focusable elements
	Arrow key navigation for spatial layouts
	Vim-style navigation support (h,j,k,l)
	Custom navigation paths between components
	Group-based navigation
	Spatial navigation for grid layouts
	Configurable key bindings
	Supervised state management with fault tolerance

State Structure
The server maintains state with the following structure:
%{
  config: %{
    next_key: :tab,
    previous_key: :tab,  # with shift modifier
    activate_keys: [:enter, :space],
    dismiss_key: :escape,
    arrow_navigation: true,
    vim_keys: false,
    group_navigation: true,
    spatial_navigation: false,
    tab_navigation: true
  },
  spatial_map: %{component_id => position_data},
  navigation_paths: %{from_id => %{direction => to_id}},
  focus_stack: [],  # Navigation history for back navigation
  groups: %{group_name => [component_ids]}
}

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        configure(server \\ __MODULE__, opts)

      


        Configures keyboard navigation behavior.



    


    
      
        define_navigation_path(server \\ __MODULE__, from_id, direction, to_id)

      


        Defines an explicit navigation path between components.



    


    
      
        get_config(server \\ __MODULE__)

      


        Gets the current configuration.



    


    
      
        get_navigation_paths(server \\ __MODULE__)

      


        Gets navigation paths.



    


    
      
        get_spatial_map(server \\ __MODULE__)

      


        Gets the spatial map.



    


    
      
        get_state(server \\ __MODULE__)

      


        Gets the current state (for debugging/testing).



    


    
      
        handle_keyboard_event(server \\ __MODULE__, event)

      


        Handles keyboard events for navigation.
This is typically called by the EventManager.



    


    
      
        handle_manager_info(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.



    


    
      
        init_navigator(server \\ __MODULE__)

      


        Initializes the keyboard navigator.
Registers event handlers for keyboard navigation.



    


    
      
        pop_focus(server \\ __MODULE__)

      


        Pops and returns to the previous focus.



    


    
      
        push_focus(server \\ __MODULE__, component_id)

      


        Pushes current focus to the stack (for back navigation).



    


    
      
        register_component_position(server \\ __MODULE__, component_id, x, y, width, height)

      


        Registers a component's position for spatial navigation.



    


    
      
        register_to_group(server \\ __MODULE__, component_id, group_name)

      


        Registers a component to a navigation group.



    


    
      
        reset(server \\ __MODULE__)

      


        Resets to initial state.



    


    
      
        start_link(init_opts \\ [])

      


    


    
      
        unregister_from_group(server \\ __MODULE__, component_id, group_name)

      


        Unregisters a component from a navigation group.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      configure(server \\ __MODULE__, opts)



        
          
        

    

  


  

Configures keyboard navigation behavior.

  



    

  
    
      
    
    
      define_navigation_path(server \\ __MODULE__, from_id, direction, to_id)



        
          
        

    

  


  

Defines an explicit navigation path between components.

  



    

  
    
      
    
    
      get_config(server \\ __MODULE__)



        
          
        

    

  


  

Gets the current configuration.

  



    

  
    
      
    
    
      get_navigation_paths(server \\ __MODULE__)



        
          
        

    

  


  

Gets navigation paths.

  



    

  
    
      
    
    
      get_spatial_map(server \\ __MODULE__)



        
          
        

    

  


  

Gets the spatial map.

  



    

  
    
      
    
    
      get_state(server \\ __MODULE__)



        
          
        

    

  


  

Gets the current state (for debugging/testing).

  



    

  
    
      
    
    
      handle_keyboard_event(server \\ __MODULE__, event)



        
          
        

    

  


  

Handles keyboard events for navigation.
This is typically called by the EventManager.

  



  
    
      
    
    
      handle_manager_info(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.

  



    

  
    
      
    
    
      init_navigator(server \\ __MODULE__)



        
          
        

    

  


  

Initializes the keyboard navigator.
Registers event handlers for keyboard navigation.

  



    

  
    
      
    
    
      pop_focus(server \\ __MODULE__)



        
          
        

    

  


  

Pops and returns to the previous focus.

  



    

  
    
      
    
    
      push_focus(server \\ __MODULE__, component_id)



        
          
        

    

  


  

Pushes current focus to the stack (for back navigation).

  



    

  
    
      
    
    
      register_component_position(server \\ __MODULE__, component_id, x, y, width, height)



        
          
        

    

  


  

Registers a component's position for spatial navigation.

  



    

  
    
      
    
    
      register_to_group(server \\ __MODULE__, component_id, group_name)



        
          
        

    

  


  

Registers a component to a navigation group.

  



    

  
    
      
    
    
      reset(server \\ __MODULE__)



        
          
        

    

  


  

Resets to initial state.

  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      unregister_from_group(server \\ __MODULE__, component_id, group_name)



        
          
        

    

  


  

Unregisters a component from a navigation group.

  


        

      


  

    
Raxol.Core.KeyboardShortcuts 
    



      
Refactored KeyboardShortcuts that delegates to GenServer implementation.
This module provides the same API as the original KeyboardShortcuts but uses
a supervised GenServer instead of the Process dictionary for state management.
Migration Notice
This module is a drop-in replacement for Raxol.Core.KeyboardShortcuts.
All functions maintain backward compatibility while providing improved
fault tolerance and functional programming patterns.
Benefits over Process Dictionary
	Supervised state management with fault tolerance
	Pure functional shortcut resolution
	Priority-based conflict resolution
	Context-aware shortcut activation
	Better debugging and testing capabilities
	No global state pollution


      


      
        Summary


  
    Functions
  


    
      
        cleanup()

      


        Clean up the keyboard shortcuts manager.



    


    
      
        clear_all()

      


        Clear all shortcuts.



    


    
      
        clear_context(context)

      


        Clear shortcuts for a specific context.



    


    
      
        enabled?()

      


        Check if shortcuts are enabled.



    


    
      
        ensure_started()

      


        Ensures the Keyboard Shortcuts server is started.



    


    
      
        get_active_context()

      


        Get the currently active context.



    


    
      
        get_available_shortcuts()

      


        Get all available shortcuts (global + active context).



    


    
      
        get_shortcuts_for_context(context \\ nil)

      


        Get all shortcuts for a specific context.



    


    
      
        get_shortcuts_help()

      


        Get formatted help text for shortcuts.



    


    
      
        handle_keyboard_event(event_type, event_data)

      


        Handle keyboard events.



    


    
      
        init()

      


        Initialize the keyboard shortcuts manager.



    


    
      
        register_batch(shortcuts)

      


        Register a batch of shortcuts at once.



    


    
      
        register_shortcut(shortcut, name, callback, opts \\ [])

      


        Register a keyboard shortcut with a callback function.



    


    
      
        set_active_context(context)

      


        Set the active context for shortcuts.



    


    
      
        set_conflict_resolution(strategy)

      


        Set conflict resolution strategy.



    


    
      
        set_enabled(enabled)

      


        Enable or disable shortcut processing.



    


    
      
        shortcut_registered?(shortcut, context \\ :global)

      


        Check if a shortcut is registered.



    


    
      
        show_shortcuts_help()

      


        Show help text for available shortcuts.



    


    
      
        unregister_shortcut(shortcut, context \\ :global)

      


        Unregister a keyboard shortcut.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup()



        
          
        

    

  


  

Clean up the keyboard shortcuts manager.
This function cleans up any resources used by the keyboard shortcuts manager
and unregisters event handlers.

  



  
    
      
    
    
      clear_all()



        
          
        

    

  


  

Clear all shortcuts.

  



  
    
      
    
    
      clear_context(context)



        
          
        

    

  


  

Clear shortcuts for a specific context.

  



  
    
      
    
    
      enabled?()



        
          
        

    

  


  

Check if shortcuts are enabled.

  



  
    
      
    
    
      ensure_started()



        
          
        

    

  


  

Ensures the Keyboard Shortcuts server is started.

  



  
    
      
    
    
      get_active_context()



        
          
        

    

  


  

Get the currently active context.

  



  
    
      
    
    
      get_available_shortcuts()



        
          
        

    

  


  

Get all available shortcuts (global + active context).

  



    

  
    
      
    
    
      get_shortcuts_for_context(context \\ nil)



        
          
        

    

  


  

Get all shortcuts for a specific context.
Returns a map of shortcut definitions for the given context.

  



  
    
      
    
    
      get_shortcuts_help()



        
          
        

    

  


  

Get formatted help text for shortcuts.

  



  
    
      
    
    
      handle_keyboard_event(event_type, event_data)



        
          
        

    

  


  

Handle keyboard events.
This function is called by the EventManager when keyboard events occur.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

Initialize the keyboard shortcuts manager.
This function sets up the necessary state for managing keyboard shortcuts
and registers event handlers for keyboard events.

  



  
    
      
    
    
      register_batch(shortcuts)



        
          
        

    

  


  

Register a batch of shortcuts at once.
Example
register_batch([
  {"Ctrl+S", :save, &save_file/0, description: "Save file"},
  {"Ctrl+O", :open, &open_file/0, description: "Open file"},
  {"Ctrl+Q", :quit, &quit_app/0, description: "Quit application"}
])

  



    

  
    
      
    
    
      register_shortcut(shortcut, name, callback, opts \\ [])



        
          
        

    

  


  

Register a keyboard shortcut with a callback function.
Parameters
	shortcut - The keyboard shortcut string (e.g., "Ctrl+S", "Alt+F4")
	name - A unique identifier for the shortcut (atom or string)
	callback - A function to be called when the shortcut is triggered
	opts - Options for the shortcut

Options
	:context - The context in which this shortcut is active (default: :global)
	:description - A description of what the shortcut does
	:priority - Priority level (1-10, lower = higher priority)
	:override - Whether to override existing shortcut (default: false)


  



  
    
      
    
    
      set_active_context(context)



        
          
        

    

  


  

Set the active context for shortcuts.
Context-specific shortcuts will only be active when their context is set.

  



  
    
      
    
    
      set_conflict_resolution(strategy)



        
          
        

    

  


  

Set conflict resolution strategy.
Strategies
	:first - Keep the first registered shortcut
	:last - Keep the last registered shortcut
	:priority - Use priority to resolve conflicts


  



  
    
      
    
    
      set_enabled(enabled)



        
          
        

    

  


  

Enable or disable shortcut processing.

  



    

  
    
      
    
    
      shortcut_registered?(shortcut, context \\ :global)



        
          
        

    

  


  

Check if a shortcut is registered.

  



  
    
      
    
    
      show_shortcuts_help()



        
          
        

    

  


  

Show help text for available shortcuts.
Displays formatted help text for all available shortcuts in the current context.

  



    

  
    
      
    
    
      unregister_shortcut(shortcut, context \\ :global)



        
          
        

    

  


  

Unregister a keyboard shortcut.
Parameters
	shortcut - The keyboard shortcut string to unregister
	context - The context from which to unregister (default: :global)


  


        

      


  

    
Raxol.Core.KeyboardShortcuts.ShortcutsServer 
    



      
GenServer implementation for keyboard shortcuts management.
Provides state management for keyboard shortcuts with context awareness,
priority handling, and functional pattern resolution.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_all(server)

      


        Clear all shortcuts.



    


    
      
        clear_context(server, context)

      


        Clear context shortcuts.



    


    
      
        enabled?(server)

      


        Check if shortcuts are enabled.



    


    
      
        generate_shortcuts_help()

      


        Generate shortcuts help.



    


    
      
        generate_shortcuts_help(server)

      


    


    
      
        get_active_context(server)

      


        Get active context.



    


    
      
        get_available_shortcuts(server)

      


        Get available shortcuts.



    


    
      
        get_shortcuts_for_context(server, context)

      


        Get shortcuts for context.



    


    
      
        handle_keyboard_event(server, event)

      


        Handle keyboard event.



    


    
      
        handle_manager_cast(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.



    


    
      
        handle_manager_info(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.



    


    
      
        init_shortcuts(server)

      


        Initialize shortcuts configuration.



    


    
      
        register_shortcut(server, shortcut, name, callback, opts \\ [])

      


        Register a keyboard shortcut.



    


    
      
        set_active_context(server, context)

      


        Set active context.



    


    
      
        set_conflict_resolution(server, strategy)

      


        Set conflict resolution strategy.



    


    
      
        set_enabled(server, enabled)

      


        Set enabled state.



    


    
      
        start_link(init_opts \\ [])

      


    


    
      
        unregister_shortcut(server, shortcut, context \\ :global)

      


        Unregister a shortcut.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.KeyboardShortcuts.ShortcutsServer{
  active_context: atom(),
  enabled: boolean(),
  priority_maps: map(),
  shortcuts: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear_all(server)



        
          
        

    

  


  

Clear all shortcuts.

  



  
    
      
    
    
      clear_context(server, context)



        
          
        

    

  


  

Clear context shortcuts.

  



  
    
      
    
    
      enabled?(server)



        
          
        

    

  


  

Check if shortcuts are enabled.

  



  
    
      
    
    
      generate_shortcuts_help()



        
          
        

    

  


  

Generate shortcuts help.

  



  
    
      
    
    
      generate_shortcuts_help(server)



        
          
        

    

  


  


  



  
    
      
    
    
      get_active_context(server)



        
          
        

    

  


  

Get active context.

  



  
    
      
    
    
      get_available_shortcuts(server)



        
          
        

    

  


  

Get available shortcuts.

  



  
    
      
    
    
      get_shortcuts_for_context(server, context)



        
          
        

    

  


  

Get shortcuts for context.

  



  
    
      
    
    
      handle_keyboard_event(server, event)



        
          
        

    

  


  

Handle keyboard event.

  



  
    
      
    
    
      handle_manager_cast(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.

  



  
    
      
    
    
      handle_manager_info(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.

  



  
    
      
    
    
      init_shortcuts(server)



        
          
        

    

  


  

Initialize shortcuts configuration.

  



    

  
    
      
    
    
      register_shortcut(server, shortcut, name, callback, opts \\ [])



        
          
        

    

  


  

Register a keyboard shortcut.

  



  
    
      
    
    
      set_active_context(server, context)



        
          
        

    

  


  

Set active context.

  



  
    
      
    
    
      set_conflict_resolution(server, strategy)



        
          
        

    

  


  

Set conflict resolution strategy.

  



  
    
      
    
    
      set_enabled(server, enabled)



        
          
        

    

  


  

Set enabled state.

  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  



    

  
    
      
    
    
      unregister_shortcut(server, shortcut, context \\ :global)



        
          
        

    

  


  

Unregister a shortcut.

  


        

      


  

    
Raxol.Core.KeyboardShortcutsBehaviour behaviour
    



      
Behavior for KeyboardShortcuts implementation.
This defines the expected interface for keyboard shortcuts functionality
used by the UX refinement system.

      


      
        Summary


  
    Callbacks
  


    
      
        cleanup()

      


        Clean up the keyboard shortcuts system.



    


    
      
        get_available_shortcuts()

      


        Get available shortcuts for the current context.



    


    
      
        get_shortcuts_for_context(context)

      


        Get shortcuts for a specific context.



    


    
      
        handle_keyboard_event(atom, term)

      


        Handle keyboard events.



    


    
      
        init()

      


        Initialize the keyboard shortcuts system.



    


    
      
        register_shortcut(shortcut_key, name, callback, opts)

      


        Register a keyboard shortcut with callback.



    


    
      
        set_context(context)

      


        Set the current shortcuts context.



    


    
      
        show_shortcuts_help(user_prefs)

      


        Show shortcuts help.



    





      


      
        Callbacks


        


  
    
      
    
    
      cleanup()



        
          
        

    

  


  

      

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


      


Clean up the keyboard shortcuts system.

  



  
    
      
    
    
      get_available_shortcuts()



        
          
        

    

  


  

      

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


      


Get available shortcuts for the current context.

  



  
    
      
    
    
      get_shortcuts_for_context(context)



        
          
        

    

  


  

      

          @callback get_shortcuts_for_context(context :: atom() | nil) :: term()


      


Get shortcuts for a specific context.

  



  
    
      
    
    
      handle_keyboard_event(atom, term)



        
          
        

    

  


  

      

          @callback handle_keyboard_event(atom(), term()) :: :ok | {:error, term()}


      


Handle keyboard events.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

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


      


Initialize the keyboard shortcuts system.

  



  
    
      
    
    
      register_shortcut(shortcut_key, name, callback, opts)



        
          
        

    

  


  

      

          @callback register_shortcut(
  shortcut_key :: String.t(),
  name :: String.t(),
  callback :: function(),
  opts :: Keyword.t()
) :: :ok | {:error, term()}


      


Register a keyboard shortcut with callback.

  



  
    
      
    
    
      set_context(context)



        
          
        

    

  


  

      

          @callback set_context(context :: atom()) :: :ok | {:error, term()}


      


Set the current shortcuts context.

  



  
    
      
    
    
      show_shortcuts_help(user_prefs)



        
          
        

    

  


  

      

          @callback show_shortcuts_help(user_prefs :: term()) :: :ok | {:error, term()}


      


Show shortcuts help.

  


        

      


  

    
Raxol.Core.NavigationUtils 
    



      
Shared utilities for navigation path management.
Used by both KeyboardNavigator and WindowManager to avoid code duplication.

      


      
        Summary


  
    Functions
  


    
      
        define_navigation_path(state, from_id, direction, to_id)

      


        Updates navigation paths in state by defining a path from one ID to another in a specific direction.
Returns the updated state with modified navigation_paths.



    





      


      
        Functions


        


  
    
      
    
    
      define_navigation_path(state, from_id, direction, to_id)



        
          
        

    

  


  

Updates navigation paths in state by defining a path from one ID to another in a specific direction.
Returns the updated state with modified navigation_paths.

  


        

      


  

    
Raxol.Core.Outbound 
    



      
The outbound target policy: vet a URL before anything opens a socket to it.
Anything in this repository that reaches a host the caller (or a model, or a
config file in a cloned workspace) had a say in goes through vet/2 first.
Two of the five rules the policy states live here, because they need :inet
and nothing else:
	The scheme and the port are allowed. :schemes defaults to [:https]
and :ports to the ports an HTTP server listens on; a caller that
documents http, or a fixed non-standard port, passes it explicitly.
Without the port rule a vetted target is still an arbitrary-port prober
against public hosts, because every other rule here judges the ADDRESS
and none of them reads the port the caller is about to dial.
	Every resolved address is outside the reject set. Both families are
resolved, and the whole request is refused if ANY answer is rejected,
rather than the first: a host with one public and one loopback record must
not be reachable by luck of resolver ordering. A lookup that FAILED is not
an empty answer: a nameserver that SERVFAILs the A query while answering
AAAA would otherwise choose which half of its own records was vetted, so a
partial failure refuses the whole request.

The third rule is the caller's, and this module is what makes it possible:
vet/2 returns the addresses it checked, and those are the addresses the
caller MUST dial. Validating a hostname and then handing that hostname to an
HTTP client re-resolves it and reopens the window a changed DNS record walks
through. A caller that ignores :addresses and dials :uri has the same
rebinding gap it had before calling.
Rules 4 (no redirect following) and 5 (bounded time, size and concurrency)
belong to whoever owns the request, since neither is expressible here.
The address list, and why it is bounded
:addresses carries the vetted answers, deduplicated, interleaved by family
and capped at 8. A caller tries them in turn the way :gen_tcp does when it
is handed a name, which is the failover pinning would otherwise lose.
Everything the resolver said is CHECKED; only the dial list is bounded, so
padding an RRset cannot walk a blocked address past the check by putting it
beyond the cap. The cap is there because Raxol.Web3.Dial gives EACH address
the full connect timeout (5000ms by default) in turn, so an uncapped list is
a multiplier a hostile authoritative nameserver controls: 64 padded answers
is 320 seconds of serial connects behind one call. Duplicates buy a repeated
attempt against the same dead socket, so they go too. Interleaving is what
makes the cap safe rather than a v6 outage: A-then-AAAA concatenated and cut
at 8 drops every AAAA answer for a host with 8 or more A records.
The reject set
blocked?/1 is the policy, and it is a predicate over :inet address
tuples rather than over strings, so a literal in a URL and a resolver answer
are judged by the same code. It refuses loopback, link-local, private,
carrier-grade NAT, unspecified, multicast and reserved ranges, the blocks
that exist only on paper (IETF protocol assignments, the v4 and v6
documentation ranges, benchmarking, discard-only) and the 6to4 relay
anycast address, plus every form that smuggles a v4 address through a v6
literal: IPv4-mapped, IPv4-compatible, IPv4-translated, NAT64 (the /96 and
the RFC 8215 local-use prefix share one clause) and 6to4, which carries the
address in a different pair of groups than the rest. Teredo is refused
outright rather than decomposed, since it obfuscates the addresses it
tunnels. Anything that is not an address tuple is refused, so a malformed
answer fails closed.
The generic IPv6 clause is LAST, and the order is load-bearing rather than
tidy: it answers false for 6to4, NAT64 and every other prefix that embeds
or reserves an address, so moving it above them makes 2002:a9fe:a9fe:: —
a working route to the cloud metadata address — reachable, silently.
Injecting a resolver
:resolver replaces :inet.getaddrs/3 with any
(charlist, :inet | :inet6, timeout -> {:ok, [address]} | {:error, term}),
or the 2-arity form for a resolver that answers from a literal and needs no
budget. That is the seam a resolver which changes its answer between calls
is tested through, which is the test rule 3 exists for and which cannot be
written against the real resolver. An IP literal never reaches the resolver
at all, injected or not, so skipping DNS skips no part of the check.

      


      
        Summary


  
    Types
  


    
      
        address()

      


    


    
      
        dns_reason()

      


        Why resolution produced no vetted address.



    


    
      
        reason()

      


    


    
      
        resolver()

      


    


    
      
        vetted()

      


    





  
    Functions
  


    
      
        blocked?(arg1)

      


        Whether an :inet address tuple is outside the public internet.



    


    
      
        resolve(host, resolver \\ &:inet.getaddrs/3, opts \\ [])

      


        Resolve a host to every address it answers with: {:ok, addresses} or
{:error, reason}.



    


    
      
        vet(url, opts \\ [])

      


        Vet a URL: {:ok, vetted} or {:error, reason}.



    





      


      
        Types


        


  
    
      
    
    
      address()



        
          
        

    

  


  

      

          @type address() :: :inet.ip_address()


      



  



  
    
      
    
    
      dns_reason()



        
          
        

    

  


  

      

          @type dns_reason() :: :nxdomain | {:lookup_failed, term()}


      


Why resolution produced no vetted address.
:nxdomain is an answer: the name has no address in either family.
{:lookup_failed, reason} is the absence of one, and the two are not
interchangeable — a breaker that quarantines an origin for a nonexistent
host should not quarantine it for a resolver hiccup.

  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  :invalid_url
  | {:blocked_address, String.t()}
  | {:dns_failed, {String.t(), dns_reason()}}


      



  



  
    
      
    
    
      resolver()



        
          
        

    

  


  

      

          @type resolver() ::
  (charlist(), :inet | :inet6 -> {:ok, [address()]} | {:error, term()})
  | (charlist(), :inet | :inet6, timeout() ->
       {:ok, [address()]} | {:error, term()})


      



  



  
    
      
    
    
      vetted()



        
          
        

    

  


  

      

          @type vetted() :: %{uri: URI.t(), addresses: [address()], hostname: String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      blocked?(arg1)



        
          
        

    

  


  

      

          @spec blocked?(address() | term()) :: boolean()


      


Whether an :inet address tuple is outside the public internet.
Public because this predicate is the policy, and is tested directly.

  



    

    

  
    
      
    
    
      resolve(host, resolver \\ &:inet.getaddrs/3, opts \\ [])



        
          
        

    

  


  

      

          @spec resolve(String.t(), resolver(), keyword()) ::
  {:ok, [address()]} | {:error, dns_reason()}


      


Resolve a host to every address it answers with: {:ok, addresses} or
{:error, reason}.
An IP literal never reaches the resolver; a name is resolved over BOTH
families, because a host with only an AAAA record must not pass by an empty A
lookup. No address is judged here, and nothing is deduplicated or capped: a
caller reaching for this instead of vet/2 is opting out of the policy and
gets exactly what the resolver said.
A family whose lookup FAILED is not a family with no records, and the failure
wins over the family that answered. See dns_reason/0.
:timeout_ms is the budget for the whole call, default 5000. It is a
deadline rather than a per-family timeout: the AAAA lookup is given whatever
the A lookup left, so two slow families cost one budget and not two.

  



    

  
    
      
    
    
      vet(url, opts \\ [])



        
          
        

    

  


  

      

          @spec vet(String.t(), keyword()) :: {:ok, vetted()} | {:error, reason()}


      


Vet a URL: {:ok, vetted} or {:error, reason}.
:hostname is the host with any IPv6 brackets removed, which is the form
SNI, a certificate match and a Host header want. :uri is the parsed URL,
unmodified.
	:schemes - allowed schemes as atoms, default [:https]
	:ports - allowed ports, default [80, 443, 8080, 8443]. A port outside
it is refused as :invalid_url, the same answer an unallowed scheme
gets, because it is the same answer to a caller: not a target we dial.
	:resolver - a resolver/0, default &:inet.getaddrs/3
	:timeout_ms - the total budget for resolution, default 5000. Both
families are looked up under it: the second gets whatever the first left,
so the whole of vet/2 returns within it plus the URL parse.


  


        

      


  

    
Raxol.Core.Outbound.Response 
    



      
The bounded response accumulator: a tagged state that starts incomplete.
This is the response half of the outbound policy Raxol.Core.Outbound
states, which is why it carries that name. vet/2 owns rules 1 to 3 (which
target may be reached, and by which addresses) and says outright that rules 4
and 5 belong to whoever owns the request. This module is the part of rule 5 a
request owner cannot write differently per package without the answer
differing too: the size ceiling, the content-length pre-rejection, and the
rule that a read which never terminated has no response at all.
Two packages had a byte-for-byte copy of it, one a submodule of
Raxol.Web3.Exchange and one a private map inside
Raxol.MCP.Client.Transport.Http.Exchange, because the package graph forbids
either depending on the other. raxol_core is what both already depend on,
so this is where the single copy belongs.
Truncation is never a success
:state is :incomplete until the terminating response promotes it, and
to_response/1 accepts nothing else. That is why the accumulator is
a tagged struct rather than a bare map: every halt-based reader in this
ecosystem returns success on abort (Finch.stream_while/5 answers {:ok, acc} for both a finished response and a {:halt, acc}), so an accumulator
whose initial value is shaped like a success turns a refused oversized
response into an empty 200. For a list endpoint that is indistinguishable
from a list with no entries. Here a caller cannot build a response out of an
accumulator the terminating response never reached.
Trailers are not headers
Mint delivers a chunked trailer section as a SECOND {:headers, ref, _}, so
the two are the same tuple and only arrival order tells them apart. They are
collected into :trailers, never merged into :headers, and never used for
the content-length pre-rejection. A merged trailer is a header the response
never sent, arriving after the point every downstream reader assumed the
header set was closed, and a trailer content-length re-runs a size check on
a body that has already been read.
What it does not own
The ceiling arrives as an argument, so this module holds no policy and has no
defaults of its own. It opens no socket, runs no timer, and calls nothing
from Mint: it pattern-matches Mint's response tuples and never invokes it, so
raxol_core gains no dependency. The dial, the wall-clock deadline, the
per-recv chunk timeout and each package's error taxonomy stay with the
request owner, because those differ between the two.
The two reasons that can be decided from the response bytes alone are
returned here: {:too_large, max_bytes} and {:transport, reason}. Both
taxonomies already contain exactly those shapes.

      


      
        Summary


  
    Types
  


    
      
        headers()

      


        Header names are lowercase, as Mint delivers them.



    


    
      
        mint_response()

      


        One of Mint's response tuples: {:status, ref, status},
{:headers, ref, headers}, {:data, ref, binary}, {:done, ref} or
{:error, ref, reason}. Matched structurally, never constructed.



    


    
      
        reason()

      


    


    
      
        response()

      


    


    
      
        status()

      


        An HTTP status code.



    


    
      
        t()

      


        :headers_seen? is what separates a header block from a trailer block.



    





  
    Functions
  


    
      
        absorb(acc, ref, responses, max_bytes)

      


        Fold Mint responses in, enforcing the size ceiling as they arrive.



    


    
      
        new()

      


        A fresh, incomplete accumulator.



    


    
      
        to_response(acc)

      


        The response, or a raise.



    





      


      
        Types


        


  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          @type headers() :: [{String.t(), String.t()}]


      


Header names are lowercase, as Mint delivers them.

  



  
    
      
    
    
      mint_response()



        
          
        

    

  


  

      

          @type mint_response() :: tuple()


      


One of Mint's response tuples: {:status, ref, status},
{:headers, ref, headers}, {:data, ref, binary}, {:done, ref} or
{:error, ref, reason}. Matched structurally, never constructed.

  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: {:too_large, non_neg_integer()} | {:transport, term()}


      



  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() :: %{
  status: status(),
  headers: headers(),
  trailers: headers(),
  body: binary()
}


      



  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: non_neg_integer()


      


An HTTP status code.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Outbound.Response{
  chunks: [binary()],
  headers: headers(),
  headers_seen?: boolean(),
  size: non_neg_integer(),
  state: :incomplete | :complete,
  status: status() | nil,
  trailers: headers()
}


      


:headers_seen? is what separates a header block from a trailer block.
Mint delivers trailers as a SECOND {:headers, ref, _} and nothing in the
tuple says which one it is, so arrival order is the only evidence there is.
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      absorb(acc, ref, responses, max_bytes)



        
          
        

    

  


  

      

          @spec absorb(t(), reference(), [mint_response()], non_neg_integer()) ::
  {:incomplete, t()} | {:complete, t()} | {:error, reason()}


      


Fold Mint responses in, enforcing the size ceiling as they arrive.
Returns {:incomplete, acc}, {:complete, acc}, or {:error, reason},
where reason is already one of the two the response bytes can decide.
Folding stops at the first terminating or refusing response, so responses
after a {:done, ref} are not consumed; one request per connection and no
pipelining means there are none.
iex> alias Raxol.Core.Outbound.Response
iex> ref = make_ref()
iex> Response.absorb(Response.new(), ref, [{:data, ref, "0123456789"}], 4)
{:error, {:too_large, 4}}

iex> alias Raxol.Core.Outbound.Response
iex> ref = make_ref()
iex> headers = [{"content-length", "9000"}]
iex> Response.absorb(Response.new(), ref, [{:headers, ref, headers}], 1024)
{:error, {:too_large, 1024}}

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


A fresh, incomplete accumulator.

  



  
    
      
    
    
      to_response(acc)



        
          
        

    

  


  

      

          @spec to_response(t()) :: response()


      


The response, or a raise.
Only a :complete accumulator has one. A raise rather than an error tuple
because reaching here with an incomplete accumulator is a bug in the read
loop, not an outcome a caller can handle.

  


        

      


  

    
Raxol.Core.Preferences 
    



      
Manages user preferences and settings for the Raxol terminal UI.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_preference(key, default \\ nil)

      


    


    
      
        handle_manager_cast(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.



    


    
      
        handle_manager_info(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.



    


    
      
        set_preference(key, value)

      


    


    
      
        start_link(init_opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      get_preference(key, default \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_manager_cast(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.

  



  
    
      
    
    
      handle_manager_info(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.

  



  
    
      
    
    
      set_preference(key, value)



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.Preferences.Persistence 
    



      
Handles persistence (loading/saving) of user preferences to a file.

      


      
        Summary


  
    Functions
  


    
      
        load()

      


        Loads user preferences from the designated file.



    


    
      
        preferences_path()

      


        Returns the full path to the user preferences file.
Uses an application-specific directory.



    


    
      
        save(preferences)

      


        Saves the given preferences map to the designated file.



    





      


      
        Functions


        


  
    
      
    
    
      load()



        
          
        

    

  


  

Loads user preferences from the designated file.
Returns:
	{:ok, preferences_map} if successful.
	{:error, :file_not_found} if the file doesn't exist.
	{:error, reason} for other file or decoding errors.


  



  
    
      
    
    
      preferences_path()



        
          
        

    

  


  

Returns the full path to the user preferences file.
Uses an application-specific directory.

  



  
    
      
    
    
      save(preferences)



        
          
        

    

  


  

Saves the given preferences map to the designated file.
Serializes the map using :erlang.term_to_binary.
Returns:
	:ok on success.
	{:error, reason} on failure.


  


        

      


  

    
Raxol.Core.Preferences.Store 
    



      
Handles storage and retrieval of user preferences.

      


      
        Summary


  
    Functions
  


    
      
        get_all_preferences()

      


        Retrieves all user preferences as a map.



    


    
      
        get_preference(key_or_path)

      


        Retrieves a user preference by key or key path.
Example: get_preference(:theme) or get_preference([:accessibility, :high_contrast])



    


    
      
        reset_preferences()

      


        Resets all preferences to defaults (by clearing and saving defaults).



    


    
      
        save_to_preferences(config)

      


    


    
      
        set_preference(key_or_path, value)

      


        Sets a user preference by key or key path.
Example: set_preference(:theme, "dark") or set_preference([:accessibility, :high_contrast], true)



    





      


      
        Functions


        


  
    
      
    
    
      get_all_preferences()



        
          
        

    

  


  

Retrieves all user preferences as a map.

  



  
    
      
    
    
      get_preference(key_or_path)



        
          
        

    

  


  

Retrieves a user preference by key or key path.
Example: get_preference(:theme) or get_preference([:accessibility, :high_contrast])

  



  
    
      
    
    
      reset_preferences()



        
          
        

    

  


  

Resets all preferences to defaults (by clearing and saving defaults).

  



  
    
      
    
    
      save_to_preferences(config)



        
          
        

    

  


  

      

          @spec save_to_preferences(map() | struct()) :: :ok


      



  



  
    
      
    
    
      set_preference(key_or_path, value)



        
          
        

    

  


  

Sets a user preference by key or key path.
Example: set_preference(:theme, "dark") or set_preference([:accessibility, :high_contrast], true)

  


        

      


  

    
Raxol.Core.ProcessGroup 
    



      
Safely signal the OS process group behind a spawned child.
Killing only a child leaves its descendants running: still doing work, still
holding whatever fds they inherited. Killing its process GROUP reaches them.
The catch is that a group kill aimed at the wrong id is unrecoverable -- a
child that is not a group leader shares the BEAM's own group, and
kill -KILL -<pgid> against that takes the VM down with it.
So a target is RESOLVED before it is signalled. resolve/1 answers
{:group, pgid} only when it can show a group under that id exists, and
{:pid, os_pid} (which loses the descendants, and says so) when it cannot.
Why the group is probed rather than read
A process group's id is the pid of its leader, and that pid stays allocated
for as long as the group has ANY member. So "group os_pid answers a signal"
can only be true if the process holding pid os_pid led it.
The obvious alternative -- ask ps for the child's pgid and require
pgid == os_pid -- cannot answer the case that matters most. When a child
backgrounds something and exits, the parent is a corpse and ps cannot see
it, so the pgid read fails and the group is never found. That is exactly the
case where a group is still running and needs reaping, and the ppid-walk
fallback misses it too: a reparented orphan's ppid is already 1. ps is
also absent on busybox.
Why signals go through a shell builtin
Never kill(1). procps-ng's kill -- /usr/bin/kill on Debian and Ubuntu --
takes a negative pid in its own argv slot, does NOTHING with it, and exits 0.
Measured on linux/aarch64 with the group live: System.cmd(kill, ["-KILL", "-57"]) returned {"", 0} and both members were still running.
That is the worst failure available here, a reap that reports success and
reaps nothing. kill -s KILL -- -57 is no way out either: procps has no --
and answers with a usage error. macOS's /bin/kill handles the same argv
correctly, which is why this class of bug is green on a developer machine and
red on Linux CI.
Shell builtins are POSIX about negative pids on both, and any POSIX shell will
do: bash, dash and busybox ash were each measured signalling a real group
through -<pgid> and reporting the same errno text back. shell/0 prefers
bash and settles for sh, so a host with only the latter keeps the group kill
rather than degrading to a bare-pid reap that leaves the descendants running.
Callers
Raxol.MCP.Client.Transport.Stdio (reaping a spawned server's group on
close).
This module deliberately does NOT cover zombie-aware liveness. kill -0
answers "is this pid still allocated", and a zombie still holds its pid, so a
caller that needs to distinguish "exited but unreaped" from "running" needs a
ps-based oracle instead.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


        


    


    
      
        reason()

      


        Why a signal could not be delivered.



    


    
      
        target()

      


        What may safely be signalled.



    





  
    Functions
  


    
      
        await_gone(target, timeout_ms, opts \\ [])

      


        Poll until target is gone, giving up after timeout_ms.



    


    
      
        group_leader?(os_pid)

      


        True when a process group exists under os_pid -- i.e. the child is its own
group leader and a group kill is safe.



    


    
      
        is_signallable(target)

      


    


    
      
        resolve(os_pid)

      


        Resolve the safe signal target for a spawned child's OS pid.



    


    
      
        shell()

      


        The shell signals are delivered through, or nil when this host has none.



    


    
      
        signal(target, flag, opts \\ [])

      


        Deliver flag ("-0", "-TERM", "-KILL", ...) to target.



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: [{:shell, String.t() | nil}]


      


	:shell -- shell to deliver signals through, shell/0 when absent.
Honoured by signal/3 and await_gone/3 only; resolve/1 takes no opts at
all, so an injected failing shell simulates a failing KILL without also
corrupting the target it is aimed at.


  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: :unavailable | :refused | :spawn_failed | :unknown


      


Why a signal could not be delivered.
NONE of these may be reported as success: a caller about to delete the
target's working directory is relying on the difference.
:unavailable -- no shell on PATH to signal with, so nothing was verified and
nothing was killed.
:refused -- the kernel rejected the signal (EPERM). The target is
demonstrably still there, and still running.
:spawn_failed -- the shell resolved but could not be run this time.
Transient by nature (a fork that hit EAGAIN under process-table pressure is
the case that matters, and that pressure is exactly when a reaper is most
needed), so callers retry it rather than answering it.
:unknown -- the signal failed with something unrecognised. NOT reported as
:gone: "the message was not one I know" is not evidence that the target
exited.

  



  
    
      
    
    
      target()



        
          
        

    

  


  

      

          @type target() :: {:group, pos_integer()} | {:pid, pos_integer()} | :none


      


What may safely be signalled.
{:group, pgid} when the child leads its own process group, so its
descendants come with it. {:pid, os_pid} when it does not, in which case
only the child itself can be signalled. :none when there is nothing to
signal.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      await_gone(target, timeout_ms, opts \\ [])



        
          
        

    

  


  

      

          @spec await_gone(target(), non_neg_integer(), opts()) ::
  :ok | :timeout | {:error, reason()}


      


Poll until target is gone, giving up after timeout_ms.
:timeout is a distinct answer from {:error, _}: it means the target is
still there and the caller's grace is spent, which is normally the cue to stop
asking and SIGKILL. An error means the question could not be answered at all.
Returns {:error, reason} immediately rather than waiting out the deadline
for any failure waiting cannot fix. A :spawn_failed IS waited on: giving up
there would abandon the check under process-table pressure, which both causes
it and is when it matters.

  



  
    
      
    
    
      group_leader?(os_pid)



        
          
        

    

  


  

      

          @spec group_leader?(pos_integer()) :: boolean()


      


True when a process group exists under os_pid -- i.e. the child is its own
group leader and a group kill is safe.

  



  
    
      
    
    
      is_signallable(target)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      resolve(os_pid)



        
          
        

    

  


  

      

          @spec resolve(pos_integer()) :: target()


      


Resolve the safe signal target for a spawned child's OS pid.
{:group, os_pid} when a process group under that id answers a signal, which
can only be true if this child led it. {:pid, os_pid} otherwise -- safe, but
it silently drops the descendants, so it is logged.
Takes no opts, so an injected shell cannot reach it: this decides WHAT gets
signalled, and a wrong answer here is the unrecoverable failure.

  



  
    
      
    
    
      shell()



        
          
        

    

  


  

      

          @spec shell() :: String.t() | nil


      


The shell signals are delivered through, or nil when this host has none.
Public because resolving it is a full PATH scan and a poll loop must not repeat
one: await_gone/3 ticks every 50ms for a whole grace window, so a
caller resolves once here and threads the answer down through :shell.
bash first, then any POSIX sh. The preference is habit, not requirement:
both things this module asks of the builtin -- that -<pgid> names a process
group, and that a failure carries strerror (see classify/1) -- were
measured identical on Debian's dash and on busybox ash. Settling for sh
matters because those are the hosts with no bash to find, and answering
:unavailable there would give up the group kill on exactly the systems the
moduledoc cites as the reason not to depend on ps.

  



    

  
    
      
    
    
      signal(target, flag, opts \\ [])



        
          
        

    

  


  

      

          @spec signal(target(), String.t(), opts()) :: :ok | :gone | {:error, reason()}


      


Deliver flag ("-0", "-TERM", "-KILL", ...) to target.
:gone means nothing signallable is left, which against a GROUP is the
question worth asking: the leader can be gone while an orphaned subprocess
keeps the group alive.
Raises FunctionClauseError for a target outside is_signallable/1, which is
the point -- signalling pid 0 or 1 is not a recoverable mistake.

  


        

      


  

    
Raxol.Core.Runtime.Backpressure 
    



      
Adaptive backpressure for hot-path GenServer.cast.
Probes the target mailbox depth via Process.info(pid, :message_queue_len)
and switches behaviour when the queue crosses a watermark. See
docs/adr/0013-event-dispatch-backpressure.md for the design rationale.
Policies
	:call_when_full -- escalate to a synchronous GenServer.call/3,
applying backpressure to the caller. Use when message loss is
unacceptable (input dispatch, test determinism).
	:drop_when_full -- drop the message and return
{:dropped, :overflow}. Use when the consumer naturally recovers
from drops (frame batching, idempotent updates).
	:fail_when_full -- same return shape as :drop_when_full; the
policy field in telemetry metadata distinguishes "expected drop"
from "explicit failure" for handler-side severity routing.

Telemetry
Emits [:raxol, :runtime, :backpressure] on every invocation.
	Measurements: %{queue_len: non_neg_integer()}
	Metadata: %{label, policy, decision, target} where decision is
one of :cast, :call, :drop, :no_proc.

Examples
Backpressure.cast(MyDispatcher, {:dispatch, event},
  label: :dispatcher_input,
  policy: :call_when_full,
  watermark: 1_000
)
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        cast(target, message, opts)

      


        Send message to target with backpressure-aware delivery.
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          @type decision() :: :cast | :call | :drop | :no_proc
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          @type policy() :: :call_when_full | :drop_when_full | :fail_when_full
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          @type result() :: :ok | {:dropped, :overflow | :no_proc}
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          @spec cast(GenServer.server(), term(), keyword()) :: result()


      


Send message to target with backpressure-aware delivery.
Required opts: :label (atom for telemetry), :policy.
Optional opts: :watermark (default 1000),
:timeout (default 5000, only used for :call_when_full).

  


        

      


  

    
Raxol.Core.Runtime.Directive 
    



      
Runtime-essential effect directives that any TEA application can return
from update/2.
These directives need no agent context: they run purely against the
caller's runtime (Process.send_after, Task.start, runtime pid signal).
Agent-specific directives (shell access, inter-agent messaging,
multi-message async streams) live in Raxol.Agent.Directive and depend
on raxol_agent.
Built-in directives
	Directive	Effect
	Stop	Signal the runtime to stop
	Schedule	Send a message after a delay (Process.send_after)
	Spawn	Run a 0-arg function in a Task; its return value is sent back once

Examples
import Raxol.Core.Runtime.Directive, only: [stop: 0, schedule: 2, spawn_task: 1]

stop()
schedule(1_000, :tick)
spawn_task(fn -> {:result, expensive_op()} end)
Dispatch
Each struct implements Raxol.Core.Runtime.Directive.Executor. The
runtime invokes the protocol's execute/2 with a context map containing
at minimum :pid and :runtime_pid. Result messages arrive at
context.pid as {:command_result, payload} (the message name is
historical; both the old Command system and the directive system use
it).
External packages register additional directives by defining a struct
and implementing Raxol.Core.Runtime.Directive.Executor for it.
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        schedule(interval_ms, payload)

      


        Construct a Schedule directive. interval_ms must be non-negative.



    


    
      
        spawn_task(fun)

      


        Construct a Spawn directive with a no-arg function.



    


    
      
        stop(reason \\ :normal)

      


        Construct a Stop directive.
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          @type t() ::
  Raxol.Core.Runtime.Directive.Stop.t()
  | Raxol.Core.Runtime.Directive.Schedule.t()
  | Raxol.Core.Runtime.Directive.Spawn.t()
  | struct()
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          @spec schedule(non_neg_integer(), term()) :: Raxol.Core.Runtime.Directive.Schedule.t()


      


Construct a Schedule directive. interval_ms must be non-negative.
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          @spec spawn_task((-> any())) :: Raxol.Core.Runtime.Directive.Spawn.t()


      


Construct a Spawn directive with a no-arg function.
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          @spec stop(term()) :: Raxol.Core.Runtime.Directive.Stop.t()


      


Construct a Stop directive.

  


        

      


  

    
Raxol.Core.Runtime.Directive.Executor protocol
    



      
Protocol for executing runtime directives.
Built-in implementations cover Raxol.Core.Runtime.Directive.{Stop, Schedule, Spawn}.
Packages register additional directive types by defining a struct and
implementing this protocol for it. raxol_agent provides impls for
Raxol.Agent.Directive.{Async, Shell, SendAgent}; raxol_payments and
raxol_earn provide their own.
Context
The context map carries at minimum:
	:pid - process to receive {:command_result, payload} messages
	:runtime_pid - process to receive runtime-level signals (e.g. quit)

The Dispatcher additionally supplies :turn_id — a snapshot of the agent
turn that minted the command (nil outside a turn). Implementations whose
results may land after the minting turn closed SHOULD echo it back using the
tagged form {:command_result, payload, %{turn_id: turn_id}} so the result
is attributed to its originating turn; the plain 2-tuple remains valid and
is attributed to the turn current at delivery time (nil between turns).
Effect messages land at context.pid as {:command_result, payload} (or
the tagged 3-tuple above). Consumers rely on the asynchronous result message
rather than the return value of execute/2.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.
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          @type t() :: term()


      


All the types that implement this protocol.
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          @spec execute(t(), context :: map()) :: any()


      



  


        

      


  

    
Raxol.Core.Runtime.Directive.Schedule 
    



      
Send a message after the given delay (in milliseconds) as
{:command_result, payload}.
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          @type t() :: %Raxol.Core.Runtime.Directive.Schedule{
  interval_ms: non_neg_integer(),
  payload: term()
}


      



  


        

      


  

    
Raxol.Core.Runtime.Directive.Spawn 
    



      
Spawn a Task that invokes fun/0 and sends its return value back as
{:command_result, result}. Use Raxol.Agent.Directive.async/1
(from raxol_agent) when the task needs to send multiple messages.
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          @type t() :: %Raxol.Core.Runtime.Directive.Spawn{fun: (-> any())}


      



  


        

      


  

    
Raxol.Core.Runtime.Directive.Stop 
    



      
Signal the runtime to stop. Sends :quit_runtime to context.runtime_pid.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Runtime.Directive.Stop{reason: term()}


      



  


        

      


  

    
Raxol.Core.Runtime.Log 
    



      
Centralized logging system for Raxol with structured context, performance tracking,
and consistent formatting across all modules.
Features
	Structured logging with automatic context enrichment
	Module-aware logging with automatic module detection
	Performance and timing utilities
	Standardized error handling with stacktraces
	Debug mode support with conditional logging
	Automatic metadata collection (node, environment, version)
	IO.puts/inspect migration helpers

Usage
One call style per module: a module that can require Logger uses the
Logger macros for every plain level call in that file (the macro skips
building the message when the level is disabled), and every other module
uses this one.
The functions here are FUNCTIONS: their arguments, inspect/1 included,
are evaluated before any level check, at every level. So never pass them
inspect of an unbounded term (an app model, a view, an event, the
emulator, a GenServer state) or build a message in a per-byte or per-event
loop. Log a bounded summary (a module, an event type, a size), or use the
Logger macros where the full term is only wanted at :debug. Input a
remote peer sends reaches these paths, so an eager dump there is both a CPU
amplifier (#1031) and a way for that input to land in the logs.
# Basic logging
Log.info("User authenticated successfully")
Log.error("Database connection failed")

# With context
Log.info("Processing request", %{user_id: 123, action: :login})
Log.error("Validation failed", %{errors: errors, input: input})

# Performance timing
Log.time_info("Database query", fn ->
  expensive_operation()
end)

# Module-aware logging (automatically detects calling module)
Log.info("Operation completed")

# Migration from IO.puts
Log.console("Debug output for development")
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        auto_log(msg, data \\ nil)

      


        Log with automatic error classification and severity detection.



    


    
      
        console(msg, context \\ nil)

      


        Console logging for development - replacement for IO.puts.
Logs at :info in development/test environments and at :debug otherwise.
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        Logs a debug message.
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        Conditional debug logging based on module configuration.
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        Logs an error with stacktrace and context.
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        Structured inspect logging - replacement for IO.inspect.
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        Module-aware logging that automatically detects the calling module.
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        Performance timing logger that measures and logs execution time.
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        Logs a warning with context.
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          @type context() :: map() | keyword() | nil
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          @type log_level() :: :debug | :info | :warn | :error
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          @type metadata() :: map()
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Log with automatic error classification and severity detection.
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Console logging for development - replacement for IO.puts.
Logs at :info in development/test environments and at :debug otherwise.
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          @spec debug(iodata()) :: :ok


      


Logs a debug message.
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Conditional debug logging based on module configuration.
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      error_with_stacktrace(msg, error, stacktrace, context \\ nil)



        
          
        

    

  


  

Logs an error with stacktrace and context.
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Structured event logging with automatic metadata enrichment.
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      log_inspect(data, label \\ nil, opts \\ [])



        
          
        

    

  


  

Structured inspect logging - replacement for IO.inspect.
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Module-aware logging that automatically detects the calling module.
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Performance timing logger that measures and logs execution time.
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Logs a warning with context.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.CellProcessor 
    



      
This module is responsible for processing cells in the Raxol runtime.
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        Process a cell with the given data.
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Process a cell with the given data.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.CommandHelper 
    



      
Handles plugin command registration and dispatch for the Plugin Manager.
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        find_plugin_for_command(command_table, command_name, namespace, arity)

      


        Finds a command handler in the command table, normalizing the command name.



    


    
      
        find_plugin_id_by_module(plugins, module)

      


        Finds the plugin ID for a given module in the plugins map.



    


    
      
        handle_command(command_table, command_name_str, namespace, args, state)

      


        Dispatches a command, looking it up in the table and executing the handler.



    


    
      
        register_plugin_commands(plugin_module, plugin_state, command_table)

      


        Registers commands from a plugin module's get_commands/0 callback.
Returns the updated command table.



    


    
      
        unregister_plugin_commands(command_table, plugin_module)

      


        Removes all commands for a module from the command table.



    


    
      
        validate_command_args(args)

      


        Validates that command arguments are a list of strings or numbers.
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          @spec find_plugin_for_command(
  map(),
  atom() | String.t(),
  module() | nil,
  non_neg_integer()
) ::
  {:ok, {module(), atom(), non_neg_integer()}} | :not_found


      


Finds a command handler in the command table, normalizing the command name.
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          @spec find_plugin_id_by_module(map(), module()) :: String.t() | nil


      


Finds the plugin ID for a given module in the plugins map.
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          @spec handle_command(map(), String.t(), module() | nil, list() | nil, map()) ::
  {:ok, map()} | {:error, atom()} | {:error, atom(), map()}


      


Dispatches a command, looking it up in the table and executing the handler.

  



  
    
      
    
    
      register_plugin_commands(plugin_module, plugin_state, command_table)



        
          
        

    

  


  

      

          @spec register_plugin_commands(module(), map(), map()) :: map()


      


Registers commands from a plugin module's get_commands/0 callback.
Returns the updated command table.
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          @spec unregister_plugin_commands(map(), module()) :: map()


      


Removes all commands for a module from the command table.
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          @spec validate_command_args(term()) :: :ok | {:error, :invalid_args}


      


Validates that command arguments are a list of strings or numbers.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.CommandRegistry 
    



      
Manages command registration and execution for plugins.
Commands are stored in a plain map keyed by namespace (module) with lists of
{name, {module, function, arity}, metadata} tuples as values.

      


      
        Summary


  
    Types
  


    
      
        command_entry()

      


    


    
      
        command_handler()

      


    


    
      
        command_metadata()

      


    


    
      
        command_name()

      


    


    
      
        command_table()

      


    





  
    Functions
  


    
      
        execute_command(command_name, args, command_table)

      


        Finds and executes a command by name with timeout support.



    


    
      
        find_command(command_name, command_table)

      


        Searches all namespaces for a command by name.



    


    
      
        lookup_command(table, namespace, command_name)

      


        Looks up a command by namespace and name. Returns a handler function
wrapping apply(module, function, ...).



    


    
      
        new()

      


        Returns the default table name atom for ETS-backed registries.



    


    
      
        register_command(table, namespace, command_name, module, function, arity)

      


        Registers a command under a namespace in the command table.



    


    
      
        register_plugin_commands(plugin_module, plugin_state, command_table)

      


        Registers commands from a plugin module's commands/0 callback.



    


    
      
        unregister_command(table, namespace, command_name)

      


        Removes a single command from a namespace. Returns the updated table,
or the input unchanged if table is not a map.



    


    
      
        unregister_commands_by_module(table, module)

      


        Removes all commands for a module from the table.



    


    
      
        unregister_plugin_commands(plugin_module, command_table)

      


        Unregisters all commands for a plugin module.
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          @type command_entry() ::
  {command_name(), {module(), atom(), non_neg_integer()}, command_metadata()}
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          @type command_handler() :: (list(), map() -> term())


      



  



  
    
      
    
    
      command_metadata()



        
          
        

    

  


  

      

          @type command_metadata() :: %{
  optional(:description) => String.t(),
  optional(:usage) => String.t(),
  optional(:aliases) => [String.t()],
  optional(:timeout) => pos_integer()
}
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          @type command_name() :: String.t()
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          @type command_table() :: %{optional(module()) => [command_entry()]}
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      execute_command(command_name, args, command_table)



        
          
        

    

  


  

      

          @spec execute_command(String.t(), list(), command_table()) ::
  term() | {:error, term()}


      


Finds and executes a command by name with timeout support.

  



  
    
      
    
    
      find_command(command_name, command_table)



        
          
        

    

  


  

      

          @spec find_command(String.t(), command_table()) ::
  {:ok, {term(), command_metadata()}} | {:error, :not_found}


      


Searches all namespaces for a command by name.

  



  
    
      
    
    
      lookup_command(table, namespace, command_name)



        
          
        

    

  


  

      

          @spec lookup_command(command_table() | term(), module(), String.t()) ::
  {:ok, {module(), command_handler(), non_neg_integer()}}
  | {:error, :not_found | :invalid_table}


      


Looks up a command by namespace and name. Returns a handler function
wrapping apply(module, function, ...).
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          @spec new() :: atom()


      


Returns the default table name atom for ETS-backed registries.

  



  
    
      
    
    
      register_command(table, namespace, command_name, module, function, arity)



        
          
        

    

  


  

      

          @spec register_command(
  command_table() | term(),
  module(),
  String.t(),
  module(),
  atom(),
  non_neg_integer()
) :: command_table() | {:error, :invalid_table}


      


Registers a command under a namespace in the command table.
Returns the updated table map, or {:error, :invalid_table} if
table is not a map.

  



  
    
      
    
    
      register_plugin_commands(plugin_module, plugin_state, command_table)



        
          
        

    

  


  

      

          @spec register_plugin_commands(module(), map(), command_table()) ::
  {:ok, command_table()} | {:error, term()}


      


Registers commands from a plugin module's commands/0 callback.
Validates handlers and metadata, checks for name conflicts against
existing commands in the table.

  



  
    
      
    
    
      unregister_command(table, namespace, command_name)



        
          
        

    

  


  

      

          @spec unregister_command(command_table() | term(), module(), String.t()) ::
  command_table() | term()


      


Removes a single command from a namespace. Returns the updated table,
or the input unchanged if table is not a map.

  



  
    
      
    
    
      unregister_commands_by_module(table, module)



        
          
        

    

  


  

      

          @spec unregister_commands_by_module(command_table() | term(), module()) ::
  command_table() | term()


      


Removes all commands for a module from the table.

  



  
    
      
    
    
      unregister_plugin_commands(plugin_module, command_table)



        
          
        

    

  


  

      

          @spec unregister_plugin_commands(module(), command_table()) ::
  {:ok, command_table()} | :ok


      


Unregisters all commands for a plugin module.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.DependencyResolver 
    



      
Install-time and load-time dependency resolution for plugins.
Uses Kahn's algorithm for topological sort with cycle detection,
conflict checking, and capability matching. The sort is stable: plugins
that are ready at the same time keep their input order, so the result is
deterministic for a given manifest list.
Raxol.Plugins.Lifecycle.Dependencies delegates its ordering and cycle
detection here; this module is the only Kahn/DFS implementation.
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        check_conflicts(manifests)

      


        Checks for conflicts between manifests.



    


    
      
        find_cycle(start, graph)

      


        Depth-first walk of graph (%{node => [successor]}) from start.



    


    
      
        resolve(manifests)

      


        Resolves load order for a set of manifests using topological sort.



    


    
      
        resolve_incremental(manifests, already_loaded)

      


        Resolves load order for new manifests given already-loaded plugin ids.



    


    
      
        satisfy_capabilities(manifests)

      


        Checks that all requires capabilities are satisfied by some plugin's provides.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() ::
  {:cycle, [atom()]}
  | {:missing, plugin :: atom(), dependency :: atom()}
  | {:conflict, atom(), atom()}
  | {:unmet_capability, plugin :: atom(), capability :: atom()}


      



  



  
    
      
    
    
      resolution()



        
          
        

    

  


  

      

          @type resolution() :: {:ok, load_order :: [atom()]} | {:error, reason()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      check_conflicts(manifests)



        
          
        

    

  


  

      

          @spec check_conflicts([Raxol.Core.Runtime.Plugins.Manifest.t()]) ::
  :ok | {:error, {:conflict, atom(), atom()}}


      


Checks for conflicts between manifests.

  



  
    
      
    
    
      find_cycle(start, graph)



        
          
        

    

  


  

      

          @spec find_cycle(term(), %{required(term()) => [term()]}) :: [term()] | nil


      


Depth-first walk of graph (%{node => [successor]}) from start.
Returns the cycle path as a list starting and ending with the same node
([:a, :b, :a]), or nil when no cycle is reachable from start.

  



  
    
      
    
    
      resolve(manifests)



        
          
        

    

  


  

      

          @spec resolve([Raxol.Core.Runtime.Plugins.Manifest.t()]) :: resolution()


      


Resolves load order for a set of manifests using topological sort.
Returns {:ok, [plugin_id]} in dependency order (dependencies first),
or {:error, reason} on failure.

  



  
    
      
    
    
      resolve_incremental(manifests, already_loaded)



        
          
        

    

  


  

      

          @spec resolve_incremental(
  [Raxol.Core.Runtime.Plugins.Manifest.t()],
  already_loaded :: [atom()]
) ::
  resolution()


      


Resolves load order for new manifests given already-loaded plugin ids.
Treats already_loaded as satisfied dependencies that don't need ordering.

  



  
    
      
    
    
      satisfy_capabilities(manifests)



        
          
        

    

  


  

      

          @spec satisfy_capabilities([Raxol.Core.Runtime.Plugins.Manifest.t()]) ::
  :ok | {:error, {:unmet_capability, atom(), atom()}}


      


Checks that all requires capabilities are satisfied by some plugin's provides.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Discovery 
    



      
Handles plugin discovery and initialization.
This module is responsible for:
	Discovering available plugins in configured directories
	Initializing the plugin system
	Managing plugin metadata and paths
	Handling plugin dependencies


      


      
        Summary


  
    Functions
  


    
      
        cleanup_plugin(plugin_id, metadata)

      


        Cleans up a plugin.



    


    
      
        disable_plugin(plugin_id, state)

      


        Disables a plugin.



    


    
      
        discover_plugins(state)

      


        Discovers plugins in the given state (all plugin_dirs and plugins_dir).



    


    
      
        discover_plugins_in_dir(dir, state)

      


        Discovers plugins in a specific directory.



    


    
      
        enable_plugin(plugin_id, state)

      


        Enables a plugin.



    


    
      
        get_plugin(plugin_id, state)

      


        Gets a specific plugin by ID.



    


    
      
        handle_event(event, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Handles an event.



    


    
      
        initialize(state)

      


        Initializes the plugin discovery system.



    


    
      
        initialize_plugin(plugin_id, state)

      


        Initializes a single plugin.



    


    
      
        initialize_plugins(plugins, metadata, plugin_config, plugin_states, load_order, command_registry_table, config)

      


        Initializes multiple plugins.



    


    
      
        list_plugins(state)

      


        Lists all discovered plugins in load order as {id, metadata}.



    


    
      
        load_plugin(plugin_id, state)

      


        Loads a plugin by ID.



    


    
      
        load_plugin_by_module(module, state)

      


        Loads a plugin by module.



    


    
      
        load_plugin_by_module(module, config, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Loads a plugin by module with full configuration.



    


    
      
        reload_plugin(plugin_id, state)

      


        Reloads a plugin.



    


    
      
        reload_plugin_from_disk(plugin_id, path, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Reloads a plugin from disk.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup_plugin(plugin_id, metadata)



        
          
        

    

  


  

Cleans up a plugin.

  



  
    
      
    
    
      disable_plugin(plugin_id, state)



        
          
        

    

  


  

Disables a plugin.

  



  
    
      
    
    
      discover_plugins(state)



        
          
        

    

  


  

Discovers plugins in the given state (all plugin_dirs and plugins_dir).

  



  
    
      
    
    
      discover_plugins_in_dir(dir, state)



        
          
        

    

  


  

Discovers plugins in a specific directory.

  



  
    
      
    
    
      enable_plugin(plugin_id, state)



        
          
        

    

  


  

Enables a plugin.

  



  
    
      
    
    
      get_plugin(plugin_id, state)



        
          
        

    

  


  

Gets a specific plugin by ID.

  



  
    
      
    
    
      handle_event(event, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Handles an event.

  



  
    
      
    
    
      initialize(state)



        
          
        

    

  


  

Initializes the plugin discovery system.

  



  
    
      
    
    
      initialize_plugin(plugin_id, state)



        
          
        

    

  


  

Initializes a single plugin.

  



  
    
      
    
    
      initialize_plugins(plugins, metadata, plugin_config, plugin_states, load_order, command_registry_table, config)



        
          
        

    

  


  

Initializes multiple plugins.

  



  
    
      
    
    
      list_plugins(state)



        
          
        

    

  


  

Lists all discovered plugins in load order as {id, metadata}.

  



  
    
      
    
    
      load_plugin(plugin_id, state)



        
          
        

    

  


  

Loads a plugin by ID.

  



  
    
      
    
    
      load_plugin_by_module(module, state)



        
          
        

    

  


  

Loads a plugin by module.

  



  
    
      
    
    
      load_plugin_by_module(module, config, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Loads a plugin by module with full configuration.

  



  
    
      
    
    
      reload_plugin(plugin_id, state)



        
          
        

    

  


  

Reloads a plugin.

  



  
    
      
    
    
      reload_plugin_from_disk(plugin_id, path, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Reloads a plugin from disk.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.EventFilter 
    



      
Handles event filtering for plugins.
This module is responsible for:
	Filtering events through registered plugin filters
	Managing event modifications
	Handling event halting


      


      
        Summary


  
    Functions
  


    
      
        filter_event(plugin_manager_state, event)

      


        Filters an event through registered plugin filters.
Returns the filtered event or :halt if the event should be stopped.



    





      


      
        Functions


        


  
    
      
    
    
      filter_event(plugin_manager_state, event)



        
          
        

    

  


  

      

          @spec filter_event(map(), map()) :: map() | :halt


      


Filters an event through registered plugin filters.
Returns the filtered event or :halt if the event should be stopped.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.FileWatcher 
    



      
Handles file watching and plugin reloading functionality.

      


      
        Summary


  
    Functions
  


    
      
        handle_debounced_events(plugin_id, plugin_path, state)

      


        Handles debounced file events.



    


    
      
        handle_file_event(path, state)

      


        Handles a file event.



    


    
      
        schedule_reload(plugin_id, path, state)

      


        Schedules a plugin reload.



    


    
      
        setup_file_watching(config \\ %{})

      


        Sets up file watching for plugin hot-reloading.



    


    
      
        start_link(config \\ %{})

      


        Starts the file watcher process.



    


    
      
        stop(pid)

      


        Stops the file watcher process.



    


    
      
        subscribe(pid)

      


        Subscribes to file watcher events.



    





      


      
        Functions


        


  
    
      
    
    
      handle_debounced_events(plugin_id, plugin_path, state)



        
          
        

    

  


  

Handles debounced file events.

  



  
    
      
    
    
      handle_file_event(path, state)



        
          
        

    

  


  

Handles a file event.

  



  
    
      
    
    
      schedule_reload(plugin_id, path, state)



        
          
        

    

  


  

Schedules a plugin reload.

  



    

  
    
      
    
    
      setup_file_watching(config \\ %{})



        
          
        

    

  


  

Sets up file watching for plugin hot-reloading.

  



    

  
    
      
    
    
      start_link(config \\ %{})



        
          
        

    

  


  

Starts the file watcher process.

  



  
    
      
    
    
      stop(pid)



        
          
        

    

  


  

Stops the file watcher process.

  



  
    
      
    
    
      subscribe(pid)



        
          
        

    

  


  

Subscribes to file watcher events.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.FileWatcherBehaviour behaviour
    



      
Behavior for file watcher plugins.

      


      
        Summary


  
    Callbacks
  


    
      
        handle_file_change(file_path, change_type)

      


        Callback for handling file change events.



    


    
      
        start_watching(paths, opts)

      


        Callback for starting the file watcher.



    


    
      
        stop_watching(watcher_pid)

      


        Callback for stopping the file watcher.



    





      


      
        Callbacks


        


  
    
      
    
    
      handle_file_change(file_path, change_type)



        
          
        

    

  


  

      

          @callback handle_file_change(file_path :: String.t(), change_type :: atom()) ::
  :ok | {:error, term()}


      


Callback for handling file change events.

  



  
    
      
    
    
      start_watching(paths, opts)



        
          
        

    

  


  

      

          @callback start_watching(paths :: [String.t()], opts :: keyword()) ::
  {:ok, pid()} | {:error, term()}


      


Callback for starting the file watcher.

  



  
    
      
    
    
      stop_watching(watcher_pid)



        
          
        

    

  


  

      

          @callback stop_watching(watcher_pid :: pid()) :: :ok


      


Callback for stopping the file watcher.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Lifecycle behaviour
    



      
Defines the behaviour for plugin lifecycle management.
Plugins that implement this behaviour will have their lifecycle events
called during plugin loading and unloading.

      


      
        Summary


  
    Callbacks
  


    
      
        start(config)

      


        Called when the plugin is started after initialization.



    


    
      
        stop(config)

      


        Called when the plugin is stopped before cleanup.



    





      


      
        Callbacks


        


  
    
      
    
    
      start(config)



        
          
        

    

  


  

      

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


      


Called when the plugin is started after initialization.
Should return {:ok, updated_config} or {:error, reason}.
The updated_config will be stored in the plugin's configuration.

  



  
    
      
    
    
      stop(config)



        
          
        

    

  


  

      

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


      


Called when the plugin is stopped before cleanup.
Should return {:ok, updated_config} or {:error, reason}.
The updated_config will be stored in the plugin's configuration.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.LifecycleHelper 
    



      
Helper functions for plugin lifecycle management.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_plugin(plugin_id, metadata)

      


    


    
      
        disable_plugin(plugin, plugin_states)

      


        Disables a plugin by updating its state to disabled.



    


    
      
        enable_plugin(plugin, plugin_states)

      


        Enables a plugin by updating its state to enabled.



    


    
      
        handle_event(event, plugins, metadata, plugin_states, load_order, command_table, plugin_config)

      


    


    
      
        handle_state_transition(plugin_id, old_state, new_state)

      


    


    
      
        init(opts)

      


    


    
      
        init_plugin(plugin_id, metadata)

      


    


    
      
        initialize_plugins(plugins, metadata, config, states, load_order, command_table, opts)

      


    


    
      
        load_plugin_by_module(module, metadata, config, states, command_table, plugin_manager, current_metadata, opts)

      


    


    
      
        reload_plugin(plugin_id, metadata, config, states, command_table, plugin_manager, opts)

      


    


    
      
        reload_plugin_from_disk(plugin_id, plugin_module, plugin_path, plugin_state, command_table, metadata, plugin_manager, opts)

      


    


    
      
        terminate_plugin(plugin_id, metadata, reason)

      


    





      


      
        Functions


        


  
    
      
    
    
      cleanup_plugin(plugin_id, metadata)



        
          
        

    

  


  


  



  
    
      
    
    
      disable_plugin(plugin, plugin_states)



        
          
        

    

  


  

Disables a plugin by updating its state to disabled.

  



  
    
      
    
    
      enable_plugin(plugin, plugin_states)



        
          
        

    

  


  

Enables a plugin by updating its state to enabled.

  



  
    
      
    
    
      handle_event(event, plugins, metadata, plugin_states, load_order, command_table, plugin_config)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_state_transition(plugin_id, old_state, new_state)



        
          
        

    

  


  


  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      init_plugin(plugin_id, metadata)



        
          
        

    

  


  


  



  
    
      
    
    
      initialize_plugins(plugins, metadata, config, states, load_order, command_table, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      load_plugin_by_module(module, metadata, config, states, command_table, plugin_manager, current_metadata, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      reload_plugin(plugin_id, metadata, config, states, command_table, plugin_manager, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      reload_plugin_from_disk(plugin_id, plugin_module, plugin_path, plugin_state, command_table, metadata, plugin_manager, opts)



        
          
        

    

  


  


  



  
    
      
    
    
      terminate_plugin(plugin_id, metadata, reason)



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.Runtime.Plugins.LifecycleHelper.Behaviour behaviour
    



      
Behavior for plugin lifecycle management.

      


      
        Summary


  
    Callbacks
  


    
      
        init_lifecycle(plugin_id, opts)

      


        Initializes a plugin's lifecycle.



    


    
      
        start_lifecycle(plugin_id, state)

      


        Starts a plugin's lifecycle.



    


    
      
        stop_lifecycle(plugin_id, state)

      


        Stops a plugin's lifecycle.



    


    
      
        terminate_lifecycle(plugin_id, state)

      


        Terminates a plugin's lifecycle.



    





      


      
        Callbacks


        


  
    
      
    
    
      init_lifecycle(plugin_id, opts)



        
          
        

    

  


  

      

          @callback init_lifecycle(plugin_id :: String.t(), opts :: keyword()) ::
  {:ok, term()} | {:error, term()}


      


Initializes a plugin's lifecycle.

  



  
    
      
    
    
      start_lifecycle(plugin_id, state)



        
          
        

    

  


  

      

          @callback start_lifecycle(plugin_id :: String.t(), state :: term()) ::
  {:ok, term()} | {:error, term()}


      


Starts a plugin's lifecycle.

  



  
    
      
    
    
      stop_lifecycle(plugin_id, state)



        
          
        

    

  


  

      

          @callback stop_lifecycle(plugin_id :: String.t(), state :: term()) ::
  {:ok, term()} | {:error, term()}


      


Stops a plugin's lifecycle.

  



  
    
      
    
    
      terminate_lifecycle(plugin_id, state)



        
          
        

    

  


  

      

          @callback terminate_lifecycle(plugin_id :: String.t(), state :: term()) :: :ok


      


Terminates a plugin's lifecycle.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.LifecycleManager 
    



      
Handles plugin lifecycle operations including loading by module, reloading, enabling, and disabling plugins.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_plugin(plugin_id, metadata)

      


        Cleans up a plugin.



    


    
      
        disable_plugin(plugin_id, state)

      


        Disables a plugin.



    


    
      
        enable_plugin(plugin_id, state)

      


        Enables a plugin.



    


    
      
        handle_event(event, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Handles an event.



    


    
      
        initialize_plugin(plugin_name, config, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Initializes a plugin with the given configuration.



    


    
      
        initialize_plugins(plugins, metadata, plugin_config, plugin_states, load_order, command_registry_table, config)

      


        Initializes all plugins.



    


    
      
        load_plugin_by_module(module, config, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Loads a plugin by module.



    


    
      
        reload_plugin(plugin_id, state)

      


        Reloads a plugin.



    


    
      
        reload_plugin_from_disk(plugin_id, path, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)

      


        Reloads a plugin from disk.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup_plugin(plugin_id, metadata)



        
          
        

    

  


  

Cleans up a plugin.

  



  
    
      
    
    
      disable_plugin(plugin_id, state)



        
          
        

    

  


  

Disables a plugin.

  



  
    
      
    
    
      enable_plugin(plugin_id, state)



        
          
        

    

  


  

Enables a plugin.

  



  
    
      
    
    
      handle_event(event, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Handles an event.

  



  
    
      
    
    
      initialize_plugin(plugin_name, config, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Initializes a plugin with the given configuration.

  



  
    
      
    
    
      initialize_plugins(plugins, metadata, plugin_config, plugin_states, load_order, command_registry_table, config)



        
          
        

    

  


  

Initializes all plugins.

  



  
    
      
    
    
      load_plugin_by_module(module, config, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Loads a plugin by module.

  



  
    
      
    
    
      reload_plugin(plugin_id, state)



        
          
        

    

  


  

Reloads a plugin.

  



  
    
      
    
    
      reload_plugin_from_disk(plugin_id, path, plugins, metadata, plugin_states, load_order, command_registry_table, plugin_config)



        
          
        

    

  


  

Reloads a plugin from disk.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Loader 
    



      
Manages plugin loading operations.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        behaviour_implemented?(module, behaviour)

      


        Checks if a module implements the given behaviour.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        discover_plugins(plugin_dirs)

      


        Discovers plugins in the given directories.
Returns a list of discovered plugin paths.



    


    
      
        extract_metadata(module)

      


    


    
      
        get_loaded_plugins()

      


        Gets the list of loaded plugins.



    


    
      
        handle_manager_cast(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.



    


    
      
        handle_manager_info(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.



    


    
      
        initialize_plugin(module, config)

      


    


    
      
        load_code(id)

      


        Loads code for a plugin by its ID.



    


    
      
        load_plugin(plugin_path)

      


        Loads a plugin from the given path.



    


    
      
        plugin_loaded?(plugin)

      


        Checks if a plugin is loaded.



    


    
      
        reload_plugin(plugin)

      


        Reloads a plugin.



    


    
      
        start_link(init_opts \\ [])

      


    


    
      
        unload_plugin(plugin)

      


        Unloads a plugin.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Runtime.Plugins.Loader{
  loaded_plugins: map(),
  plugin_configs: map(),
  plugin_metadata: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      behaviour_implemented?(module, behaviour)



        
          
        

    

  


  

Checks if a module implements the given behaviour.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      discover_plugins(plugin_dirs)



        
          
        

    

  


  

Discovers plugins in the given directories.
Returns a list of discovered plugin paths.

  



  
    
      
    
    
      extract_metadata(module)



        
          
        

    

  


  


  



  
    
      
    
    
      get_loaded_plugins()



        
          
        

    

  


  

Gets the list of loaded plugins.

  



  
    
      
    
    
      handle_manager_cast(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.

  



  
    
      
    
    
      handle_manager_info(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_info/2.

  



  
    
      
    
    
      initialize_plugin(module, config)



        
          
        

    

  


  


  



  
    
      
    
    
      load_code(id)



        
          
        

    

  


  

Loads code for a plugin by its ID.

  



  
    
      
    
    
      load_plugin(plugin_path)



        
          
        

    

  


  

Loads a plugin from the given path.

  



  
    
      
    
    
      plugin_loaded?(plugin)



        
          
        

    

  


  

Checks if a plugin is loaded.

  



  
    
      
    
    
      reload_plugin(plugin)



        
          
        

    

  


  

Reloads a plugin.

  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      unload_plugin(plugin)



        
          
        

    

  


  

Unloads a plugin.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.LoaderBehaviour behaviour
    



      
Behavior for plugin loading functionality.

      


      
        Summary


  
    Callbacks
  


    
      
        list_available_plugins(opts)

      


        Lists available plugins.



    


    
      
        load_plugin(plugin_spec, opts)

      


        Loads a plugin from a given path or configuration.



    


    
      
        unload_plugin(plugin_id)

      


        Unloads a plugin.



    


    
      
        validate_plugin(plugin_spec)

      


        Validates a plugin before loading.



    





      


      
        Callbacks


        


  
    
      
    
    
      list_available_plugins(opts)



        
          
        

    

  


  

      

          @callback list_available_plugins(opts :: keyword()) :: [String.t()]


      


Lists available plugins.

  



  
    
      
    
    
      load_plugin(plugin_spec, opts)



        
          
        

    

  


  

      

          @callback load_plugin(plugin_spec :: term(), opts :: keyword()) ::
  {:ok, term()} | {:error, term()}


      


Loads a plugin from a given path or configuration.

  



  
    
      
    
    
      unload_plugin(plugin_id)



        
          
        

    

  


  

      

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


      


Unloads a plugin.

  



  
    
      
    
    
      validate_plugin(plugin_spec)



        
          
        

    

  


  

      

          @callback validate_plugin(plugin_spec :: term()) :: :ok | {:error, term()}


      


Validates a plugin before loading.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Manifest 
    



      
Declarative plugin metadata struct.
Replaces ad-hoc metadata maps with a typed struct consumed by
the validator, dependency resolver, and mission profile system.
Plugins declare a manifest/0 function returning a map, which
from_module/1 normalizes into this struct.

      


      
        Summary


  
    Types
  


    
      
        resource_budget()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        compatible?(a, b)

      


        Checks whether two manifests are compatible (no conflicts).



    


    
      
        default_budget()

      


        Returns the default resource budget for plugins.



    


    
      
        from_module(module)

      


        Builds a Manifest from a module that implements manifest/0.



    


    
      
        validate(m)

      


        Validates a manifest struct for completeness and correctness.



    





      


      
        Types


        


  
    
      
    
    
      resource_budget()



        
          
        

    

  


  

      

          @type resource_budget() :: %{
  max_memory_mb: number(),
  max_cpu_percent: number(),
  max_ets_tables: non_neg_integer(),
  max_processes: non_neg_integer()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Runtime.Plugins.Manifest{
  api_version: String.t(),
  author: String.t(),
  conflicts_with: [atom()],
  depends_on: [{atom(), String.t()}],
  description: String.t(),
  id: atom(),
  module: module(),
  name: String.t(),
  provides: [atom()],
  requires: [atom()],
  resource_budget: resource_budget(),
  version: String.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      compatible?(a, b)



        
          
        

    

  


  

      

          @spec compatible?(t(), t()) :: boolean()


      


Checks whether two manifests are compatible (no conflicts).

  



  
    
      
    
    
      default_budget()



        
          
        

    

  


  

      

          @spec default_budget() :: resource_budget()


      


Returns the default resource budget for plugins.

  



  
    
      
    
    
      from_module(module)



        
          
        

    

  


  

      

          @spec from_module(module()) :: {:ok, t()} | {:error, term()}


      


Builds a Manifest from a module that implements manifest/0.
Returns {:error, :no_manifest} if the module doesn't export it.

  



  
    
      
    
    
      validate(m)



        
          
        

    

  


  

      

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


      


Validates a manifest struct for completeness and correctness.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.MissionProfile 
    



      
Named set of plugins with configuration overrides.
A mission profile is analogous to a Brewfile or Docker Compose file
for plugins -- it declares which plugins to load and how to configure them.
Profiles support inheritance (a child profile inherits its parent's plugins)
and diff-based hot-swapping (switching profiles only loads/unloads the delta).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        activate(profile, manifest_lookup)

      


        Activates a profile: resolves dependencies and loads plugins in order.



    


    
      
        deactivate(profile)

      


        Deactivates a profile by unloading all its plugins.



    


    
      
        diff(from, to)

      


        Computes the diff between two profiles.



    


    
      
        init()

      


        Initializes the profiles ETS table. Call once at startup.



    


    
      
        load(id)

      


        Loads a registered profile by id.



    


    
      
        register(profile)

      


        Registers a profile so it can be loaded by id.



    


    
      
        resolve_plugins(mission_profile)

      


        Returns the fully resolved plugin list, including inherited plugins.



    


    
      
        switch(from, to, manifest_lookup)

      


        Switches from one profile to another, only loading/unloading the delta.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Runtime.Plugins.MissionProfile{
  description: String.t(),
  id: atom(),
  inherits: atom() | nil,
  name: String.t(),
  plugins: [{atom(), map()}]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      activate(profile, manifest_lookup)



        
          
        

    

  


  

      

          @spec activate(t(), (atom() ->
                 {:ok, Raxol.Core.Runtime.Plugins.Manifest.t()}
                 | {:error, term()})) ::
  {:ok, [atom()]} | {:error, term()}


      


Activates a profile: resolves dependencies and loads plugins in order.
manifest_lookup is a function (atom() -> {:ok, Manifest.t()} | {:error, term()})
that retrieves the manifest for a given plugin id.

  



  
    
      
    
    
      deactivate(profile)



        
          
        

    

  


  

      

          @spec deactivate(t()) :: :ok


      


Deactivates a profile by unloading all its plugins.

  



  
    
      
    
    
      diff(from, to)



        
          
        

    

  


  

      

          @spec diff(t(), t()) :: %{add: [atom()], remove: [atom()], reconfigure: [atom()]}


      


Computes the diff between two profiles.
Returns a map with :add, :remove, and :reconfigure keys.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @spec init() :: :ok


      


Initializes the profiles ETS table. Call once at startup.

  



  
    
      
    
    
      load(id)



        
          
        

    

  


  

      

          @spec load(atom()) :: {:ok, t()} | {:error, :not_found}


      


Loads a registered profile by id.

  



  
    
      
    
    
      register(profile)



        
          
        

    

  


  

      

          @spec register(t()) :: :ok


      


Registers a profile so it can be loaded by id.

  



  
    
      
    
    
      resolve_plugins(mission_profile)



        
          
        

    

  


  

      

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


      


Returns the fully resolved plugin list, including inherited plugins.
Child plugins override parent plugins with the same id.

  



  
    
      
    
    
      switch(from, to, manifest_lookup)



        
          
        

    

  


  

      

          @spec switch(t(), t(), (atom() ->
                    {:ok, Raxol.Core.Runtime.Plugins.Manifest.t()}
                    | {:error, term()})) ::
  {:ok, [atom()]} | {:error, term()}


      


Switches from one profile to another, only loading/unloading the delta.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Plugin behaviour
    



      
Defines the behaviour for Raxol plugins.
Plugins must implement this behaviour to be loaded and managed by the plugin manager.

      


      
        Summary


  
    Types
  


    
      
        command()

      


    


    
      
        config()

      


    


    
      
        event()

      


    


    
      
        state()

      


    





  
    Callbacks
  


    
      
        disable(state)

      


        Called when the plugin is disabled.



    


    
      
        enable(state)

      


        Called when the plugin is enabled after being disabled.



    


    
      
        filter_event(event, state)

      


        Optional callback to filter or react to system events before they reach the application.



    


    
      
        get_commands()

      


        Optional callback to declare commands provided by the plugin.



    


    
      
        handle_command(command, args, state)

      


        Optional callback to handle commands delegated by the plugin manager.



    


    
      
        init(config)

      


        Called when the plugin is first initialized.



    


    
      
        terminate(reason, state)

      


        Called when the plugin is terminated (e.g., during shutdown or unload).



    





      


      
        Types


        


  
    
      
    
    
      command()



        
          
        

    

  


  

      

          @type command() :: atom() | tuple()


      



  



  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: map()


      



  



  
    
      
    
    
      event()



        
          
        

    

  


  

      

          @type event() :: term()


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() :: map()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      disable(state)



        
          
        

    

  


  

      

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


      


Called when the plugin is disabled.
Should return {:ok, new_state} or {:error, reason}.

  



  
    
      
    
    
      enable(state)



        
          
        

    

  


  

      

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


      


Called when the plugin is enabled after being disabled.
Should return {:ok, new_state} or {:error, reason}.

  



  
    
      
    
    
      filter_event(event, state)



        
          
        

    

  


  

      

          @callback filter_event(event :: event(), state :: state()) ::
  {:ok, event()} | :halt | any()


      


Optional callback to filter or react to system events before they reach the application.
Return {:ok, event} to pass the event through (potentially modified).
Return :halt to stop the event from propagating further.
Return any other value to indicate an error.

  



  
    
      
    
    
      get_commands()



        
          
        

    

  


  

      

          @callback get_commands() :: [{atom(), atom(), non_neg_integer()}]


      


Optional callback to declare commands provided by the plugin.
This callback allows plugins to register their commands with the command registry.
Each command is specified as a tuple containing:
	The command name as an atom
	The function to handle the command
	The arity of the handler function

Returns
	List of command specifications in the format [{name_atom, function_atom, arity_integer}]

Examples
def get_commands do
  [
    {:do_something, :handle_do_something_command, 2},
    {:process_data, :handle_process_data_command, 1}
  ]
end
Notes
	The command name will be converted to a string when registered
	The plugin module itself will be used as the namespace
	Commands will be registered in the CommandRegistry via CommandHelper


  



  
    
      
    
    
      handle_command(command, args, state)



        
          
        

    

  


  

      

          @callback handle_command(command :: command(), args :: list(), state :: state()) ::
  {:ok, state(), any()} | {:error, any(), state()}


      


Optional callback to handle commands delegated by the plugin manager.
Should return {:ok, new_state, result} or {:error, reason, new_state}.
The result can be sent back to the original command requester if needed.

  



  
    
      
    
    
      init(config)



        
          
        

    

  


  

      

          @callback init(config :: config()) :: {:ok, state()} | {:error, any()}


      


Called when the plugin is first initialized.
Should return {:ok, initial_state} or {:error, reason}.
The plugin's stable runtime process owns initial_state for the loaded
lifetime.

  



  
    
      
    
    
      terminate(reason, state)



        
          
        

    

  


  

      

          @callback terminate(reason :: any(), state :: state()) :: any()


      


Called when the plugin is terminated (e.g., during shutdown or unload).
Allows the plugin to perform cleanup. The return value is ignored.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginCommandHandler.Behaviour behaviour
    



      
Behavior for plugin command handling.

      


      
        Summary


  
    Callbacks
  


    
      
        handle_command(command, plugin_state)

      


        Handles a command for a plugin.



    


    
      
        list_commands(plugin_state)

      


        Lists available commands for a plugin.



    





      


      
        Callbacks


        


  
    
      
    
    
      handle_command(command, plugin_state)



        
          
        

    

  


  

      

          @callback handle_command(command :: term(), plugin_state :: term()) ::
  {:ok, term()} | {:error, term()}


      


Handles a command for a plugin.

  



  
    
      
    
    
      list_commands(plugin_state)



        
          
        

    

  


  

      

          @callback list_commands(plugin_state :: term()) :: [String.t()]


      


Lists available commands for a plugin.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginCommandManager 
    



      
Pure helpers that build a plugin command table from plugin command lists.

      


      
        Summary


  
    Functions
  


    
      
        initialize_command_table(command_table, plugins)

      


        Initialize command table with initial plugins.



    


    
      
        update_command_table(table, plugin)

      


        Update command table with plugin commands.



    





      


      
        Functions


        


  
    
      
    
    
      initialize_command_table(command_table, plugins)



        
          
        

    

  


  

      

          @spec initialize_command_table(map(), map() | list()) :: map()


      


Initialize command table with initial plugins.

  



  
    
      
    
    
      update_command_table(table, plugin)



        
          
        

    

  


  

      

          @spec update_command_table(map(), map()) :: map()


      


Update command table with plugin commands.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginErrorHandler 
    



      
Handles plugin error handling and logging.

      


      
        Summary


  
    Functions
  


    
      
        handle_event_error(event, reason)

      


        Handles event processing errors.



    





      


      
        Functions


        


  
    
      
    
    
      handle_event_error(event, reason)



        
          
        

    

  


  

Handles event processing errors.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginEventFilter.Behaviour behaviour
    



      
Behavior for plugin event filtering.

      


      
        Summary


  
    Callbacks
  


    
      
        filter_event(event, plugin_state)

      


        Filters an event through the plugin system.
Returns {:ok, event} for modified/passed-through events,
:halt to stop event propagation, or {:error, reason} on error.



    


    
      
        init_filter(opts)

      


        Initializes the event filter for a plugin.



    


    
      
        terminate_filter(state)

      


        Terminates the event filter for a plugin.



    





      


      
        Callbacks


        


  
    
      
    
    
      filter_event(event, plugin_state)



        
          
        

    

  


  

      

          @callback filter_event(event :: term(), plugin_state :: term()) ::
  {:ok, term()} | :halt | {:error, term()}


      


Filters an event through the plugin system.
Returns {:ok, event} for modified/passed-through events,
:halt to stop event propagation, or {:error, reason} on error.

  



  
    
      
    
    
      init_filter(opts)



        
          
        

    

  


  

      

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


      


Initializes the event filter for a plugin.

  



  
    
      
    
    
      terminate_filter(state)



        
          
        

    

  


  

      

          @callback terminate_filter(state :: term()) :: :ok


      


Terminates the event filter for a plugin.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginEventProcessor 
    



      
Handles event processing and filtering through plugins.
This module provides a pipeline for processing events through all enabled plugins.
Events flow through plugins in load order, and any plugin can:
	Modify the event (return {:ok, modified_event})
	Pass it through unchanged (return {:ok, event})
	Stop propagation (return :halt)
	Handle errors gracefully

Plugin Ordering
Plugins are processed in the following order:
	By explicit priority (if defined in plugin metadata)
	By load order (plugins loaded first process events first)
	By dependency order (dependent plugins process after their dependencies)

Event Filtering
Plugins implementing the filter_event/2 callback can modify or stop events:
def filter_event(event, state) do
  case event do
    %{type: :sensitive} -> :halt  # Stop propagation
    %{type: :modifiable} -> {:ok, Map.put(event, :processed, true)}
    _ -> {:ok, event}  # Pass through unchanged
  end
end
Error Handling
Plugin errors are logged but don't stop event propagation to other plugins.
A crashed plugin is skipped, and the event continues to the next plugin.

      


      
        Summary


  
    Functions
  


    
      
        filter_event(event, plugins, metadata, plugin_states, load_order)

      


        Filters an event through all enabled plugins.



    


    
      
        filter_through_plugin(plugin_id, event, plugins, metadata, plugin_states)

      


        Filters an event through a single plugin with isolation.



    


    
      
        get_dependency_ordered_plugins(load_order, metadata)

      


        Gets the effective load order considering dependencies.



    


    
      
        process_event_through_plugins(event, plugins, metadata, plugin_states, load_order, command_table, plugin_config)

      


        Processes an event through all enabled plugins in load order.



    


    
      
        process_plugin_event(plugin_id, event, plugins, metadata, plugin_states, command_table, plugin_config)

      


        Processes an event for a specific plugin.



    


    
      
        sort_plugins_by_priority(load_order, metadata)

      


        Sorts plugins by priority for event processing.



    





      


      
        Functions


        


  
    
      
    
    
      filter_event(event, plugins, metadata, plugin_states, load_order)



        
          
        

    

  


  

      

          @spec filter_event(term(), map(), map(), map(), [atom()]) ::
  {:ok, term()} | :halt | {:error, term()}


      


Filters an event through all enabled plugins.
Unlike process_event_through_plugins/7, this function focuses on event
modification and can halt propagation. Plugins should implement filter_event/2.
Parameters
	event - The event to filter
	plugins - Map of plugin_id => module
	metadata - Plugin metadata (must include :enabled status)
	plugin_states - Map of plugin_id => state
	load_order - List of plugin IDs in processing order

Returns
	{:ok, filtered_event} - Event after all filters applied
	:halt - Event propagation was stopped by a plugin
	{:error, reason} - An error occurred

Example
case filter_event(event, plugins, metadata, states, load_order) do
  {:ok, event} -> dispatch_event(event)
  :halt -> :ok  # Event was consumed
  {:error, reason} -> log_error(reason)
end

  



  
    
      
    
    
      filter_through_plugin(plugin_id, event, plugins, metadata, plugin_states)



        
          
        

    

  


  

      

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


      


Filters an event through a single plugin with isolation.
Uses PluginSupervisor for crash isolation.

  



  
    
      
    
    
      get_dependency_ordered_plugins(load_order, metadata)



        
          
        

    

  


  

      

          @spec get_dependency_ordered_plugins([atom()], map()) :: [atom()]


      


Gets the effective load order considering dependencies.
Ensures that plugins are processed after their dependencies.

  



  
    
      
    
    
      process_event_through_plugins(event, plugins, metadata, plugin_states, load_order, command_table, plugin_config)



        
          
        

    

  


  

Processes an event through all enabled plugins in load order.

  



  
    
      
    
    
      process_plugin_event(plugin_id, event, plugins, metadata, plugin_states, command_table, plugin_config)



        
          
        

    

  


  

Processes an event for a specific plugin.

  



  
    
      
    
    
      sort_plugins_by_priority(load_order, metadata)



        
          
        

    

  


  

      

          @spec sort_plugins_by_priority([atom()], map()) :: [atom()]


      


Sorts plugins by priority for event processing.
Plugins with explicit priority in metadata are sorted first (lower = higher priority).
Plugins without priority retain their load order.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginInitializer 
    



      
Handles initialization of plugins, including state setup and command registration.

      


      
        Summary


  
    Functions
  


    
      
        handle_plugin_init(plugin, plugin_id, meta, sts, tbl, plugin_config)

      


        Handles the initialization of a specific plugin.



    


    
      
        initialize_plugin(plugin_id, arg, plugins, plugin_config)

      


        Initializes a single plugin.



    


    
      
        initialize_plugins(plugins, metadata, config, states, load_order, command_table, opts)

      


        Initializes all plugins in the given load order.



    





      


      
        Functions


        


  
    
      
    
    
      handle_plugin_init(plugin, plugin_id, meta, sts, tbl, plugin_config)



        
          
        

    

  


  

Handles the initialization of a specific plugin.

  



  
    
      
    
    
      initialize_plugin(plugin_id, arg, plugins, plugin_config)



        
          
        

    

  


  

      

          @spec initialize_plugin(
  atom() | String.t(),
  {:ok, {map(), map(), map()}},
  map(),
  map()
) ::
  {:cont, {:ok, {map(), map(), map()}}} | {:halt, {:error, term()}}


      


Initializes a single plugin.

  



  
    
      
    
    
      initialize_plugins(plugins, metadata, config, states, load_order, command_table, opts)



        
          
        

    

  


  

      

          @spec initialize_plugins(
  map() | list(),
  map(),
  map() | nil,
  map(),
  list(),
  map() | atom() | reference(),
  keyword() | map() | nil
) :: {:ok, {map(), map(), map()}} | {:error, term()}


      


Initializes all plugins in the given load order.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginInstanceSupervisor 
    



      
Owns the stable runtime process for one loaded plugin.
Instances run below a DynamicSupervisor, so stopping one plugin cannot stop
another plugin or the core runtime.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        instance_pid(plugin_id)

      


    


    
      
        runtime_pid(plugin_id)

      


    


    
      
        start_link(opts)

      


    


    
      
        start_plugin(plugin_id, module, config)

      


    


    
      
        stop_plugin(plugin_id)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      instance_pid(plugin_id)



        
          
        

    

  


  

      

          @spec instance_pid(atom() | String.t()) :: pid() | nil


      



  



  
    
      
    
    
      runtime_pid(plugin_id)



        
          
        

    

  


  

      

          @spec runtime_pid(atom() | String.t()) :: pid() | nil


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      start_plugin(plugin_id, module, config)



        
          
        

    

  


  

      

          @spec start_plugin(atom() | String.t(), module(), map()) ::
  {:ok, pid()} | {:error, term()}


      



  



  
    
      
    
    
      stop_plugin(plugin_id)



        
          
        

    

  


  

      

          @spec stop_plugin(atom() | String.t()) :: :ok | {:error, :not_found}


      



  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginLifecycle 
    



      
GenServer for plugin lifecycle coordination.
Handles stateful plugin operations that require coordination:
	Loading and unloading plugins
	Enabling and disabling plugins
	Managing plugin runtime state
	File watching for hot reload
	Timer-based operations

Design
This module is the "coordination layer" - it's a GenServer because it needs to:
	Coordinate concurrent plugin operations
	Manage timers for debounced reloads
	Track per-plugin runtime state

Read-only operations should use PluginRegistry directly for better performance.
Usage
# Start lifecycle manager
{:ok, _pid} = PluginLifecycle.start_link([])

# Load a plugin
PluginLifecycle.load(:my_plugin, MyPlugin, %{config: "value"})

# Enable/disable
PluginLifecycle.enable(:my_plugin)
PluginLifecycle.disable(:my_plugin)

# Get runtime state
PluginLifecycle.get_state(:my_plugin)

      


      
        Summary


  
    Types
  


    
      
        plugin_id()

      


    


    
      
        plugin_state()

      


    


    
      
        plugin_status()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        disable(plugin_id)

      


        Disables a plugin without unloading it.



    


    
      
        disable_file_watching()

      


        Disables file watching.



    


    
      
        enable(plugin_id)

      


        Enables a loaded plugin.



    


    
      
        enable_file_watching(dirs)

      


        Enables file watching for plugin hot reload.



    


    
      
        filter_event(event)

      


        Passes an event through each loaded, enabled plugin filter.



    


    
      
        get_config(plugin_id)

      


        Gets the configuration of a plugin.



    


    
      
        get_state(plugin_id)

      


        Gets the runtime state of a plugin.



    


    
      
        get_status(plugin_id)

      


        Gets the status of a plugin.



    


    
      
        handle_command(plugin_id, command, args)

      


        Executes a command in the plugin's stable runtime and persists returned state.



    


    
      
        handle_event(plugin_id, event)

      


        Delivers an event to a loaded, enabled plugin runtime.



    


    
      
        list_with_status()

      


        Lists all plugins with their status.



    


    
      
        load(plugin_id, module, config \\ %{})

      


        Loads a plugin module with optional configuration.



    


    
      
        reload(plugin_id)

      


        Reloads a plugin (unload + load).



    


    
      
        schedule_reload(plugin_id, delay_ms \\ 500)

      


        Schedules a debounced reload for a plugin.



    


    
      
        set_state(plugin_id, state)

      


        Updates the runtime state of a plugin.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        unload(plugin_id)

      


        Unloads a plugin, cleaning up state and unregistering.



    


    
      
        update_config(plugin_id, config)

      


        Updates plugin configuration.



    





      


      
        Types


        


  
    
      
    
    
      plugin_id()



        
          
        

    

  


  

      

          @type plugin_id() :: atom() | String.t()


      



  



  
    
      
    
    
      plugin_state()



        
          
        

    

  


  

      

          @type plugin_state() :: term()


      



  



  
    
      
    
    
      plugin_status()



        
          
        

    

  


  

      

          @type plugin_status() :: :loaded | :enabled | :disabled | :error


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      disable(plugin_id)



        
          
        

    

  


  

      

          @spec disable(plugin_id()) :: :ok | {:error, term()}


      


Disables a plugin without unloading it.

  



  
    
      
    
    
      disable_file_watching()



        
          
        

    

  


  

      

          @spec disable_file_watching() :: :ok


      


Disables file watching.

  



  
    
      
    
    
      enable(plugin_id)



        
          
        

    

  


  

      

          @spec enable(plugin_id()) :: :ok | {:error, term()}


      


Enables a loaded plugin.

  



  
    
      
    
    
      enable_file_watching(dirs)



        
          
        

    

  


  

      

          @spec enable_file_watching([String.t()]) :: :ok


      


Enables file watching for plugin hot reload.

  



  
    
      
    
    
      filter_event(event)



        
          
        

    

  


  

      

          @spec filter_event(term()) :: {:ok, term()} | :halt


      


Passes an event through each loaded, enabled plugin filter.

  



  
    
      
    
    
      get_config(plugin_id)



        
          
        

    

  


  

      

          @spec get_config(plugin_id()) :: map()


      


Gets the configuration of a plugin.

  



  
    
      
    
    
      get_state(plugin_id)



        
          
        

    

  


  

      

          @spec get_state(plugin_id()) :: {:ok, plugin_state()} | {:error, :not_found}


      


Gets the runtime state of a plugin.

  



  
    
      
    
    
      get_status(plugin_id)



        
          
        

    

  


  

      

          @spec get_status(plugin_id()) :: plugin_status() | nil


      


Gets the status of a plugin.

  



  
    
      
    
    
      handle_command(plugin_id, command, args)



        
          
        

    

  


  

      

          @spec handle_command(plugin_id(), term(), list()) ::
  {:ok, plugin_state(), term()} | {:error, term()}


      


Executes a command in the plugin's stable runtime and persists returned state.

  



  
    
      
    
    
      handle_event(plugin_id, event)



        
          
        

    

  


  

      

          @spec handle_event(plugin_id(), term()) :: {:ok, plugin_state()} | {:error, term()}


      


Delivers an event to a loaded, enabled plugin runtime.

  



  
    
      
    
    
      list_with_status()



        
          
        

    

  


  

      

          @spec list_with_status() :: [{plugin_id(), plugin_status()}]


      


Lists all plugins with their status.

  



    

  
    
      
    
    
      load(plugin_id, module, config \\ %{})



        
          
        

    

  


  

      

          @spec load(plugin_id(), module(), map()) :: :ok | {:error, term()}


      


Loads a plugin module with optional configuration.
Registers in PluginRegistry and initializes lifecycle state.

  



  
    
      
    
    
      reload(plugin_id)



        
          
        

    

  


  

      

          @spec reload(plugin_id()) :: :ok | {:error, term()}


      


Reloads a plugin (unload + load).

  



    

  
    
      
    
    
      schedule_reload(plugin_id, delay_ms \\ 500)



        
          
        

    

  


  

      

          @spec schedule_reload(plugin_id(), non_neg_integer()) :: :ok


      


Schedules a debounced reload for a plugin.
Useful for file-watching scenarios where multiple changes
should trigger only one reload.

  



  
    
      
    
    
      set_state(plugin_id, state)



        
          
        

    

  


  

      

          @spec set_state(plugin_id(), plugin_state()) :: :ok | {:error, :not_found}


      


Updates the runtime state of a plugin.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      unload(plugin_id)



        
          
        

    

  


  

      

          @spec unload(plugin_id()) :: :ok | {:error, term()}


      


Unloads a plugin, cleaning up state and unregistering.

  



  
    
      
    
    
      update_config(plugin_id, config)



        
          
        

    

  


  

      

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


      


Updates plugin configuration.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginLifecycleCallbacks 
    



      
Handles plugin lifecycle callback implementations.

      


      
        Summary


  
    Functions
  


    
      
        cleanup_plugin(plugin_id, metadata)

      


        Cleanup callback for a plugin.



    


    
      
        handle_state_transition(plugin_id, old_state, new_state)

      


        Handle state transition callback.



    


    
      
        init_plugin(plugin_id, metadata)

      


        Initialize plugin callback.



    


    
      
        load_plugin_by_module(module, metadata, config, states, command_table, plugin_manager, current_metadata, opts)

      


        Load plugin by module callback.



    


    
      
        reload_plugin(plugin_id, metadata, config, states, command_table, plugin_manager, opts)

      


        Reload plugin callback.



    


    
      
        terminate_plugin(plugin_id, metadata, reason)

      


        Terminate plugin callback.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup_plugin(plugin_id, metadata)



        
          
        

    

  


  

Cleanup callback for a plugin.

  



  
    
      
    
    
      handle_state_transition(plugin_id, old_state, new_state)



        
          
        

    

  


  

Handle state transition callback.

  



  
    
      
    
    
      init_plugin(plugin_id, metadata)



        
          
        

    

  


  

Initialize plugin callback.

  



  
    
      
    
    
      load_plugin_by_module(module, metadata, config, states, command_table, plugin_manager, current_metadata, opts)



        
          
        

    

  


  

Load plugin by module callback.

  



  
    
      
    
    
      reload_plugin(plugin_id, metadata, config, states, command_table, plugin_manager, opts)



        
          
        

    

  


  

Reload plugin callback.

  



  
    
      
    
    
      terminate_plugin(plugin_id, metadata, reason)



        
          
        

    

  


  

Terminate plugin callback.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginManager 
    



      
Facade for plugin management operations.
This module provides a unified API that delegates to specialized modules:
	PluginRegistry - Fast ETS-backed lookups (no process serialization)
	PluginLifecycle - GenServer for coordination (load, enable, state)

Architecture
Following Rich Hickey's principle of separating data from coordination:
PluginManager (Facade)
     |
     +-- PluginRegistry (Pure + ETS)
     |   - Plugin registration
     |   - Metadata storage
     |   - Command lookups
     |   - Fast concurrent reads
     |
     +-- PluginLifecycle (GenServer)
         - Load/unload coordination
         - Enable/disable state
         - Runtime plugin state
         - File watching/hot reload
Migration Note
This module maintains backward compatibility with the old API.
New code should use:
	PluginRegistry for lookups (faster, no process call)
	PluginLifecycle for lifecycle operations

Usage
# Load a plugin
PluginManager.load_plugin_by_module(MyPlugin, %{config: "value"})

# List plugins (fast ETS lookup)
PluginManager.list_plugins()

# Enable/disable
PluginManager.enable_plugin(:my_plugin)
PluginManager.disable_plugin(:my_plugin)

      


      
        Summary


  
    Types
  


    
      
        plugin_id()

      


    


    
      
        plugin_metadata()

      


    


    
      
        plugin_state()

      


    





  
    Functions
  


    
      
        call_hook(plugin_id, hook_name, args)

      


        Calls a hook on a plugin.



    


    
      
        call_hook(pid, plugin_id, hook_name, args)

      


        Calls a hook on a plugin (legacy signature with pid).



    


    
      
        child_spec(opts)

      


    


    
      
        disable_plugin(plugin_id)

      


        Disables a plugin.



    


    
      
        enable_plugin(plugin_id)

      


        Enables a plugin.



    


    
      
        get_loaded_plugins()

      


        Gets list of loaded plugin IDs.



    


    
      
        get_loaded_plugins(pid)

      


        Gets list of loaded plugin IDs (legacy signature with pid).



    


    
      
        get_plugin(plugin_id)

      


        Gets a plugin by ID.



    


    
      
        get_plugin_config(plugin_id)

      


        Gets plugin configuration.



    


    
      
        get_plugin_config(pid, plugin_id)

      


        Gets plugin configuration (legacy signature with pid).



    


    
      
        get_plugin_state(plugin_id)

      


        Gets the runtime state of a plugin.



    


    
      
        initialize()

      


        Initializes the plugin manager.



    


    
      
        initialize_plugin(plugin_id, config)

      


        Initializes a specific plugin.



    


    
      
        initialize_plugin(pid, plugin_id, config)

      


        Initializes a specific plugin (legacy signature with pid).



    


    
      
        initialize_with_config(config)

      


        Initializes with configuration.



    


    
      
        list_plugins()

      


        Lists all registered plugins.



    


    
      
        load_plugin(plugin_id)

      


        Loads a plugin by ID.



    


    
      
        load_plugin(plugin_id, config)

      


        Loads a plugin with config (legacy signature).



    


    
      
        load_plugin_by_module(module, config \\ %{})

      


        Loads a plugin by module with optional configuration.



    


    
      
        plugin_loaded?(plugin_id)

      


        Checks if a plugin is loaded.



    


    
      
        plugin_loaded?(pid, plugin_id)

      


        Checks if a plugin is loaded (legacy signature with pid).



    


    
      
        reload_plugin(plugin_id)

      


        Reloads a plugin.



    


    
      
        set_plugin_state(plugin_id, state)

      


        Sets the runtime state of a plugin.



    


    
      
        start_link(opts \\ [])

      


        Starts the plugin management system.



    


    
      
        unload_plugin(plugin_id)

      


        Unloads a plugin.



    


    
      
        unload_plugin(pid, plugin_id)

      


        Unloads a plugin (legacy signature with pid).



    


    
      
        update_plugin(plugin_id, update_fun)

      


        Updates a plugin entry using a function.



    


    
      
        update_plugin_config(plugin_id, config)

      


        Updates plugin configuration.



    


    
      
        update_plugin_config(pid, plugin_id, config)

      


        Updates plugin configuration (legacy signature with pid).



    


    
      
        validate_plugin_config(plugin_id, config)

      


        Validates plugin configuration.



    





      


      
        Types


        


  
    
      
    
    
      plugin_id()



        
          
        

    

  


  

      

          @type plugin_id() :: atom() | String.t()


      



  



  
    
      
    
    
      plugin_metadata()



        
          
        

    

  


  

      

          @type plugin_metadata() :: map()


      



  



  
    
      
    
    
      plugin_state()



        
          
        

    

  


  

      

          @type plugin_state() :: map()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call_hook(plugin_id, hook_name, args)



        
          
        

    

  


  

Calls a hook on a plugin.

  



  
    
      
    
    
      call_hook(pid, plugin_id, hook_name, args)



        
          
        

    

  


  

Calls a hook on a plugin (legacy signature with pid).

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      disable_plugin(plugin_id)



        
          
        

    

  


  

Disables a plugin.

  



  
    
      
    
    
      enable_plugin(plugin_id)



        
          
        

    

  


  

Enables a plugin.

  



  
    
      
    
    
      get_loaded_plugins()



        
          
        

    

  


  

Gets list of loaded plugin IDs.

  



  
    
      
    
    
      get_loaded_plugins(pid)



        
          
        

    

  


  

Gets list of loaded plugin IDs (legacy signature with pid).

  



  
    
      
    
    
      get_plugin(plugin_id)



        
          
        

    

  


  

Gets a plugin by ID.
Fast ETS lookup.

  



  
    
      
    
    
      get_plugin_config(plugin_id)



        
          
        

    

  


  

Gets plugin configuration.

  



  
    
      
    
    
      get_plugin_config(pid, plugin_id)



        
          
        

    

  


  

Gets plugin configuration (legacy signature with pid).

  



  
    
      
    
    
      get_plugin_state(plugin_id)



        
          
        

    

  


  

Gets the runtime state of a plugin.

  



  
    
      
    
    
      initialize()



        
          
        

    

  


  

Initializes the plugin manager.

  



  
    
      
    
    
      initialize_plugin(plugin_id, config)



        
          
        

    

  


  

Initializes a specific plugin.

  



  
    
      
    
    
      initialize_plugin(pid, plugin_id, config)



        
          
        

    

  


  

Initializes a specific plugin (legacy signature with pid).

  



  
    
      
    
    
      initialize_with_config(config)



        
          
        

    

  


  

Initializes with configuration.

  



  
    
      
    
    
      list_plugins()



        
          
        

    

  


  

Lists all registered plugins.
This is a fast ETS lookup - no GenServer call required.

  



  
    
      
    
    
      load_plugin(plugin_id)



        
          
        

    

  


  

Loads a plugin by ID.

  



  
    
      
    
    
      load_plugin(plugin_id, config)



        
          
        

    

  


  

Loads a plugin with config (legacy signature).

  



    

  
    
      
    
    
      load_plugin_by_module(module, config \\ %{})



        
          
        

    

  


  

Loads a plugin by module with optional configuration.

  



  
    
      
    
    
      plugin_loaded?(plugin_id)



        
          
        

    

  


  

Checks if a plugin is loaded.

  



  
    
      
    
    
      plugin_loaded?(pid, plugin_id)



        
          
        

    

  


  

Checks if a plugin is loaded (legacy signature with pid).

  



  
    
      
    
    
      reload_plugin(plugin_id)



        
          
        

    

  


  

Reloads a plugin.

  



  
    
      
    
    
      set_plugin_state(plugin_id, state)



        
          
        

    

  


  

Sets the runtime state of a plugin.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts the plugin management system.
Initializes both the registry and lifecycle manager.

  



  
    
      
    
    
      unload_plugin(plugin_id)



        
          
        

    

  


  

Unloads a plugin.

  



  
    
      
    
    
      unload_plugin(pid, plugin_id)



        
          
        

    

  


  

Unloads a plugin (legacy signature with pid).

  



  
    
      
    
    
      update_plugin(plugin_id, update_fun)



        
          
        

    

  


  

Updates a plugin entry using a function.

  



  
    
      
    
    
      update_plugin_config(plugin_id, config)



        
          
        

    

  


  

Updates plugin configuration.

  



  
    
      
    
    
      update_plugin_config(pid, plugin_id, config)



        
          
        

    

  


  

Updates plugin configuration (legacy signature with pid).

  



  
    
      
    
    
      validate_plugin_config(plugin_id, config)



        
          
        

    

  


  

Validates plugin configuration.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginMetadataProvider behaviour
    



      
Defines the behaviour for plugins that provide metadata like ID, version, and dependencies.
Plugins can optionally implement this behaviour to declare their metadata,
which the plugin manager uses for dependency resolution and management.

      


      
        Summary


  
    Types
  


    
      
        metadata()

      


        Represents the metadata for a plugin.



    





  
    Callbacks
  


    
      
        get_metadata()

      


        Callback invoked by the plugin manager to retrieve the plugin's metadata.



    





      


      
        Types


        


  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: %{
  id: atom(),
  version: String.t(),
  dependencies: [{atom(), String.t()}]
}


      


Represents the metadata for a plugin.
	id: A unique atom identifying the plugin (e.g., :my_plugin).
	version: A string representing the plugin version (e.g., "0.1.0").
	dependencies: A list of tuples {plugin_id, version_requirement} that this plugin depends on.


  


        

      

      
        Callbacks


        


  
    
      
    
    
      get_metadata()



        
          
        

    

  


  

      

          @callback get_metadata() :: metadata()


      


Callback invoked by the plugin manager to retrieve the plugin's metadata.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginRegistry 
    



      
Pure functional plugin registry backed by ETS for fast concurrent lookups.
Separates plugin registration/discovery from lifecycle management.
All read operations are direct ETS lookups - no process serialization.
Design
Following Rich Hickey's principle of separating data from coordination:
	Registry is data (what plugins exist, their metadata)
	Lifecycle is coordination (loading, enabling, state management)

Usage
# Initialize registry (usually in application start)
PluginRegistry.init()

# Register a plugin
PluginRegistry.register(:my_plugin, MyPlugin, %{version: "1.0"})

# Fast lookups (direct ETS, no GenServer)
PluginRegistry.get(:my_plugin)
PluginRegistry.list()
PluginRegistry.find_by_command(:help)

# Check if registered
PluginRegistry.registered?(:my_plugin)

      


      
        Summary


  
    Types
  


    
      
        metadata()

      


    


    
      
        plugin_entry()

      


    


    
      
        plugin_id()

      


    


    
      
        plugin_module()

      


    





  
    Functions
  


    
      
        count()

      


        Returns the count of registered plugins.



    


    
      
        filter(predicate)

      


        Filters plugins by metadata criteria.



    


    
      
        find_by_command(command)

      


        Finds plugins that provide a specific command.



    


    
      
        find_by_metadata(key, value)

      


        Finds plugins by metadata key-value match.



    


    
      
        get(plugin_id)

      


        Gets a plugin entry by ID. Direct ETS lookup.



    


    
      
        get_commands(plugin_id)

      


        Gets all commands provided by a plugin.



    


    
      
        get_module(plugin_id)

      


        Gets a plugin module by ID.



    


    
      
        init()

      


        Initializes the plugin registry ETS tables.



    


    
      
        initialized?()

      


        Checks if the registry has been initialized.



    


    
      
        list(opts \\ [])

      


        Lists all registered plugins.



    


    
      
        list_commands()

      


        Lists all registered commands with their provider plugins.



    


    
      
        register(plugin_id, module, metadata \\ %{})

      


        Registers a plugin in the registry.



    


    
      
        registered?(plugin_id)

      


        Checks if a plugin is registered.



    


    
      
        unregister(plugin_id)

      


        Unregisters a plugin from the registry.



    


    
      
        update_metadata(plugin_id, new_metadata)

      


        Updates a plugin's metadata.



    





      


      
        Types


        


  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: map()


      



  



  
    
      
    
    
      plugin_entry()



        
          
        

    

  


  

      

          @type plugin_entry() :: %{
  id: plugin_id(),
  module: plugin_module(),
  metadata: metadata(),
  registered_at: DateTime.t()
}


      



  



  
    
      
    
    
      plugin_id()



        
          
        

    

  


  

      

          @type plugin_id() :: atom() | String.t()


      



  



  
    
      
    
    
      plugin_module()



        
          
        

    

  


  

      

          @type plugin_module() :: module()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      count()



        
          
        

    

  


  

      

          @spec count() :: non_neg_integer()


      


Returns the count of registered plugins.

  



  
    
      
    
    
      filter(predicate)



        
          
        

    

  


  

      

          @spec filter((plugin_entry() -> boolean())) :: [plugin_entry()]


      


Filters plugins by metadata criteria.
Examples
# Find all plugins with version "1.0"
PluginRegistry.filter(fn entry ->
  entry.metadata[:version] == "1.0"
end)

  



  
    
      
    
    
      find_by_command(command)



        
          
        

    

  


  

      

          @spec find_by_command(atom()) :: [plugin_id()]


      


Finds plugins that provide a specific command.
Examples
PluginRegistry.find_by_command(:help)
# => [:help_plugin, :docs_plugin]

  



  
    
      
    
    
      find_by_metadata(key, value)



        
          
        

    

  


  

      

          @spec find_by_metadata(atom(), term()) :: [plugin_entry()]


      


Finds plugins by metadata key-value match.
Examples
PluginRegistry.find_by_metadata(:category, :ui)

  



  
    
      
    
    
      get(plugin_id)



        
          
        

    

  


  

      

          @spec get(plugin_id()) :: {:ok, plugin_entry()} | :error


      


Gets a plugin entry by ID. Direct ETS lookup.
Examples
case PluginRegistry.get(:clipboard) do
  {:ok, entry} -> entry.module
  :error -> nil
end

  



  
    
      
    
    
      get_commands(plugin_id)



        
          
        

    

  


  

      

          @spec get_commands(plugin_id()) :: [atom()]


      


Gets all commands provided by a plugin.

  



  
    
      
    
    
      get_module(plugin_id)



        
          
        

    

  


  

      

          @spec get_module(plugin_id()) :: module() | nil


      


Gets a plugin module by ID.

  



  
    
      
    
    
      init()



        
          
        

    

  


  

      

          @spec init() :: :ok


      


Initializes the plugin registry ETS tables.
Call this once during application startup.

  



  
    
      
    
    
      initialized?()



        
          
        

    

  


  

      

          @spec initialized?() :: boolean()


      


Checks if the registry has been initialized.

  



    

  
    
      
    
    
      list(opts \\ [])



        
          
        

    

  


  

      

          @spec list(keyword()) :: [plugin_entry()] | [plugin_id()]


      


Lists all registered plugins.
Options
	:ids_only - Return only plugin IDs (default: false)


  



  
    
      
    
    
      list_commands()



        
          
        

    

  


  

      

          @spec list_commands() :: [{atom(), plugin_id()}]


      


Lists all registered commands with their provider plugins.

  



    

  
    
      
    
    
      register(plugin_id, module, metadata \\ %{})



        
          
        

    

  


  

      

          @spec register(plugin_id(), plugin_module(), metadata()) ::
  :ok | {:error, :already_registered}


      


Registers a plugin in the registry.
Examples
PluginRegistry.register(:clipboard, Raxol.Plugins.Clipboard, %{
  version: "1.0.0",
  description: "Clipboard integration"
})

  



  
    
      
    
    
      registered?(plugin_id)



        
          
        

    

  


  

      

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


      


Checks if a plugin is registered.

  



  
    
      
    
    
      unregister(plugin_id)



        
          
        

    

  


  

      

          @spec unregister(plugin_id()) :: :ok


      


Unregisters a plugin from the registry.

  



  
    
      
    
    
      update_metadata(plugin_id, new_metadata)



        
          
        

    

  


  

      

          @spec update_metadata(plugin_id(), metadata()) :: :ok | {:error, :not_found}


      


Updates a plugin's metadata.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginReloader 
    



      
Handles plugin reloading operations including reloading by ID and from disk.

      


      
        Summary


  
    Functions
  


    
      
        reload_plugin(plugin_id, state)

      


        Reloads a plugin.



    


    
      
        reload_plugin_by_id(plugin_id_string, state)

      


        Reloads a plugin by ID.



    





      


      
        Functions


        


  
    
      
    
    
      reload_plugin(plugin_id, state)



        
          
        

    

  


  

Reloads a plugin.

  



  
    
      
    
    
      reload_plugin_by_id(plugin_id_string, state)



        
          
        

    

  


  

Reloads a plugin by ID.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginReloader.Behaviour behaviour
    



      
Behaviour for plugin reloading operations.

      


      
        Summary


  
    Callbacks
  


    
      
        reload_plugin(plugin_id, state)

      


        Reloads a plugin.



    


    
      
        reload_plugin_by_id(plugin_id_string, state)

      


        Reloads a plugin by ID.



    





      


      
        Callbacks


        


  
    
      
    
    
      reload_plugin(plugin_id, state)



        
          
        

    

  


  

      

          @callback reload_plugin(plugin_id :: term(), state :: term()) ::
  {:ok, term()} | {:error, term(), term()}


      


Reloads a plugin.

  



  
    
      
    
    
      reload_plugin_by_id(plugin_id_string, state)



        
          
        

    

  


  

      

          @callback reload_plugin_by_id(plugin_id_string :: String.t(), state :: term()) ::
  {:ok, term()} | {:error, term(), term()}


      


Reloads a plugin by ID.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginRuntime 
    



      
Stable process that owns one loaded plugin's state and callback execution.
All stateful callbacks for a plugin execute serially in this process. This
gives timers and other messages sent to self() a stable destination for the
lifetime of the loaded plugin.

      


      
        Summary


  
    Types
  


    
      
        plugin_id()

      


    





  
    Functions
  


    
      
        call_hook(plugin_id, hook, args \\ [], timeout \\ 5000)

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        filter_event(plugin_id, event, timeout \\ 1000)

      


    


    
      
        get_state(plugin_id)

      


    


    
      
        handle_command(plugin_id, command, args, timeout \\ 5000)

      


    


    
      
        handle_event(plugin_id, event, timeout \\ 5000)

      


    


    
      
        invoke(plugin_id, callback, args \\ [], state_position \\ :first, timeout \\ 5000)

      


        Invokes a stateful plugin callback inside the stable runtime.



    


    
      
        set_state(plugin_id, plugin_state)

      


    


    
      
        start_link(opts)

      


    





      


      
        Types


        


  
    
      
    
    
      plugin_id()



        
          
        

    

  


  

      

          @type plugin_id() :: atom() | String.t()


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      call_hook(plugin_id, hook, args \\ [], timeout \\ 5000)



        
          
        

    

  


  

      

          @spec call_hook(plugin_id(), atom(), [term()], timeout()) ::
  {:ok, term()} | {:error, term()} | :not_exported


      



  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      filter_event(plugin_id, event, timeout \\ 1000)



        
          
        

    

  


  

      

          @spec filter_event(plugin_id(), term(), timeout()) ::
  {:ok, term()} | :halt | {:error, term()}


      



  



  
    
      
    
    
      get_state(plugin_id)



        
          
        

    

  


  

      

          @spec get_state(plugin_id()) :: {:ok, term()} | {:error, :not_found}


      



  



    

  
    
      
    
    
      handle_command(plugin_id, command, args, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec handle_command(plugin_id(), term(), list(), timeout()) ::
  {:ok, term(), term()} | {:error, term()}


      



  



    

  
    
      
    
    
      handle_event(plugin_id, event, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec handle_event(plugin_id(), term(), timeout()) :: {:ok, term()} | {:error, term()}


      



  



    

    

    

  
    
      
    
    
      invoke(plugin_id, callback, args \\ [], state_position \\ :first, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec invoke(plugin_id(), atom(), list(), :first | :last, timeout()) ::
  term() | {:error, term()}


      


Invokes a stateful plugin callback inside the stable runtime.
state_position supports plugin contracts that place state either before or
after callback arguments. Callback results using {:ok, state},
{:ok, state, value}, {:cont, state}, or {:halt, state} replace the
runtime-owned state.

  



  
    
      
    
    
      set_state(plugin_id, plugin_state)



        
          
        

    

  


  

      

          @spec set_state(plugin_id(), term()) :: :ok | {:error, :not_found}


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginSupervisor 
    



      
Supervises stable plugin runtimes and isolated plugin tasks.
Each loaded plugin owns a long-lived PluginRuntime process below a dynamic
supervisor. Stateful callbacks run serially in that process, so timers and
messages sent to self() remain valid for the plugin's loaded lifetime.
Auxiliary work can still run below Task.Supervisor; those tasks are tracked
by plugin ID for resource accounting and termination.
ResourceBudget measures the stable runtime together with active auxiliary
tasks. New auxiliary work passes through budget admission before it starts.
Guarantees
	One stable, isolated runtime process per loaded plugin
	Plugin state is owned by its runtime process
	Auxiliary task crashes do not bring down the caller
	Synchronous auxiliary work has configurable timeouts
	Live plugin processes are attributable to a plugin budget


      


      
        Summary


  
    Functions
  


    
      
        async_plugin_task(plugin_id, func)

      


        Runs a plugin task asynchronously (fire and forget).



    


    
      
        call_plugin_callback(plugin_id, module, function, args, opts \\ [])

      


        Safely invokes a plugin callback with isolation.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        plugin_pids(plugin_id)

      


        Returns the stable runtime and live auxiliary task processes for a plugin.



    


    
      
        run_plugin_task(plugin_id, func, opts \\ [])

      


        Runs a plugin task synchronously with crash isolation.



    


    
      
        run_plugin_tasks_concurrent(plugin_id, funcs, opts \\ [])

      


        Runs multiple plugin tasks concurrently with isolation.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        stats()

      


        Gets statistics about plugin task execution.



    


    
      
        task_pids(plugin_id)

      


        Returns the live supervised task processes owned by a plugin.



    


    
      
        terminate_plugin_tasks(plugin_id)

      


        Terminates every live supervised task owned by a plugin.



    





      


      
        Functions


        


  
    
      
    
    
      async_plugin_task(plugin_id, func)



        
          
        

    

  


  

      

          @spec async_plugin_task(atom() | String.t(), (-> term())) ::
  :ok | {:error, :throttled}


      


Runs a plugin task asynchronously (fire and forget).
The task runs under the Task.Supervisor, so crashes are isolated.
Crashes are logged but don't return errors to the caller.
Examples
PluginSupervisor.async_plugin_task(:my_plugin, fn ->
  MyPlugin.handle_event(event)
end)

  



    

  
    
      
    
    
      call_plugin_callback(plugin_id, module, function, args, opts \\ [])



        
          
        

    

  


  

      

          @spec call_plugin_callback(atom(), module(), atom(), list(), keyword()) ::
  {:ok, term()} | {:error, term()} | :not_exported


      


Safely invokes a plugin callback with isolation.
Handles the common pattern of calling a module function if it exists.
Examples
# Calls MyPlugin.on_load() if exported, returns {:ok, result} or {:error, reason}
PluginSupervisor.call_plugin_callback(:my_plugin, MyPlugin, :on_load, [])

# Calls MyPlugin.handle_event(event) with timeout
PluginSupervisor.call_plugin_callback(:my_plugin, MyPlugin, :handle_event, [event], timeout: 1000)

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      plugin_pids(plugin_id)



        
          
        

    

  


  

      

          @spec plugin_pids(atom() | String.t()) :: [pid()]


      


Returns the stable runtime and live auxiliary task processes for a plugin.

  



    

  
    
      
    
    
      run_plugin_task(plugin_id, func, opts \\ [])



        
          
        

    

  


  

      

          @spec run_plugin_task(atom() | String.t(), (-> term()), keyword()) ::
  {:ok, term()} | {:error, term()}


      


Runs a plugin task synchronously with crash isolation.
Returns {:ok, result} on success, or {:error, reason} on failure.
The task runs under the Task.Supervisor, so crashes are isolated.
Options
	:timeout - Maximum time in milliseconds (default: 5000)
	:enforce_budget - Set to false only for host-controlled lifecycle
cleanup that must run while a plugin is throttled

Examples
{:ok, state} = PluginSupervisor.run_plugin_task(:my_plugin, fn ->
  MyPlugin.init(%{config: "value"})
end)

{:error, {:crashed, %RuntimeError{}}} = PluginSupervisor.run_plugin_task(:bad_plugin, fn ->
  raise "oops"
end)

  



    

  
    
      
    
    
      run_plugin_tasks_concurrent(plugin_id, funcs, opts \\ [])



        
          
        

    

  


  

      

          @spec run_plugin_tasks_concurrent(atom() | String.t(), [(-> term())], keyword()) :: [
  ok: term(),
  error: term()
]


      


Runs multiple plugin tasks concurrently with isolation.
Returns results in the same order as input functions.
Failed tasks return {:error, reason} in their position.
Options
	:timeout - Maximum time for all tasks (default: 5000)

Examples
results = PluginSupervisor.run_plugin_tasks_concurrent(:my_plugin, [
  fn -> fetch_data() end,
  fn -> process_config() end
])
# => [{:ok, data}, {:ok, config}]

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      stats()



        
          
        

    

  


  

      

          @spec stats() :: %{active_tasks: non_neg_integer(), supervisor_info: nil | keyword()}


      


Gets statistics about plugin task execution.

  



  
    
      
    
    
      task_pids(plugin_id)



        
          
        

    

  


  

      

          @spec task_pids(atom() | String.t()) :: [pid()]


      


Returns the live supervised task processes owned by a plugin.

  



  
    
      
    
    
      terminate_plugin_tasks(plugin_id)



        
          
        

    

  


  

      

          @spec terminate_plugin_tasks(atom() | String.t()) :: non_neg_integer()


      


Terminates every live supervised task owned by a plugin.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginValidator 
    



      
Checks a plugin module's behaviour, metadata, security (through
Raxol.Core.Runtime.Plugins.Security.BeamAnalyzer), compatibility,
performance and dependencies.
Nothing on the live load path calls this module: PluginManager loads
plugins through PluginLifecycle, which registers and initializes a plugin
without running any of these checks. Call them yourself before loading a
plugin you do not trust.

      


      
        Summary


  
    Types
  


    
      
        plugin_metadata()

      


    


    
      
        validation_result()

      


    





  
    Functions
  


    
      
        resolve_plugin_identity(id)

      


        Resolves plugin identity from string or module.



    


    
      
        validate_behaviour(plugin_module)

      


        Validates that a plugin module implements the required behaviour.



    


    
      
        validate_compatibility(plugin_module)

      


        Validates plugin compatibility with the current system.



    


    
      
        validate_dependencies(plugin_module, loaded_plugins)

      


        Validates plugin dependencies.



    


    
      
        validate_metadata(plugin_module)

      


        Validates plugin metadata and configuration.



    


    
      
        validate_not_loaded(plugin_id, plugins)

      


        Validates that a plugin is not already loaded.



    


    
      
        validate_performance(plugin_module)

      


        Validates plugin performance characteristics.



    


    
      
        validate_security(plugin_module, options \\ %{})

      


        Validates plugin security aspects.



    





      


      
        Types


        


  
    
      
    
    
      plugin_metadata()



        
          
        

    

  


  

      

          @type plugin_metadata() :: %{
  name: String.t(),
  version: String.t(),
  author: String.t(),
  description: String.t(),
  dependencies: [String.t()],
  api_version: String.t()
}


      



  



  
    
      
    
    
      validation_result()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      resolve_plugin_identity(id)



        
          
        

    

  


  

      

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


      


Resolves plugin identity from string or module.

  



  
    
      
    
    
      validate_behaviour(plugin_module)



        
          
        

    

  


  

      

          @spec validate_behaviour(module()) ::
  :ok
  | {:error,
     :module_not_found
     | :invalid_plugin_behaviour
     | {:missing_callbacks, [atom()]}}


      


Validates that a plugin module implements the required behaviour.

  



  
    
      
    
    
      validate_compatibility(plugin_module)



        
          
        

    

  


  

      

          @spec validate_compatibility(module()) ::
  :ok
  | {:error,
     {:elixir_version_too_old, String.t(), String.t()}
     | {:otp_version_too_old, String.t(), String.t()}}


      


Validates plugin compatibility with the current system.

  



  
    
      
    
    
      validate_dependencies(plugin_module, loaded_plugins)



        
          
        

    

  


  

      

          @spec validate_dependencies(module(), map()) :: validation_result()


      


Validates plugin dependencies.

  



  
    
      
    
    
      validate_metadata(plugin_module)



        
          
        

    

  


  

      

          @spec validate_metadata(module()) ::
  :ok
  | {:error,
     :missing_metadata
     | :invalid_metadata
     | {:missing_metadata_fields, [atom()]}
     | :invalid_version_format
     | {:unsupported_api_version, String.t()}
     | :invalid_plugin_name}


      


Validates plugin metadata and configuration.

  



  
    
      
    
    
      validate_not_loaded(plugin_id, plugins)



        
          
        

    

  


  

      

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


      


Validates that a plugin is not already loaded.

  



  
    
      
    
    
      validate_performance(plugin_module)



        
          
        

    

  


  

      

          @spec validate_performance(module()) ::
  :ok
  | {:error,
     {:initialization_failed, term()}
     | {:initialization_too_slow, non_neg_integer()}
     | {:plugin_too_large, non_neg_integer(), non_neg_integer()}
     | {:size_check_failed, term()}}


      


Validates plugin performance characteristics.

  



    

  
    
      
    
    
      validate_security(plugin_module, options \\ %{})



        
          
        

    

  


  

      

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


      


Validates plugin security aspects.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.PluginsState 
    



      
Defines the state struct for the plugin manager.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Runtime.Plugins.PluginsState{
  command_registry_table: map(),
  file_event_timer: reference() | nil,
  file_watcher_pid: pid() | nil,
  file_watching_enabled?: boolean(),
  initialized: boolean(),
  lifecycle_helper_module: module(),
  load_order: [String.t()],
  metadata: %{required(String.t()) => map()},
  plugin_config: %{required(String.t()) => map()},
  plugin_id: String.t() | nil,
  plugin_path: String.t() | nil,
  plugin_states: %{required(String.t()) => map()},
  plugins: %{required(String.t()) => module()},
  plugins_dir: String.t() | nil,
  runtime_pid: pid() | nil
}


      



  


        

      


  

    
Raxol.Core.Runtime.Plugins.ResourceBudget 
    



      
Enforces runtime resource budgets for supervised plugin work.
Raxol.Core.Runtime.Plugins.PluginSupervisor associates each stable plugin
runtime and active auxiliary task with its plugin ID. This server samples
those processes, their memory, their owned ETS tables, and their share of
BEAM reductions. Budgets come from plugin manifest metadata stored in
PluginRegistry.
Actions are configured per plugin:
	:warn logs and emits telemetry without blocking work
	:throttle rate-limits new supervised work until usage returns under budget
	:kill terminates active work and unloads the plugin


      


      
        Summary


  
    Types
  


    
      
        action()

      


    


    
      
        budget()

      


    


    
      
        plugin_id()

      


    


    
      
        usage()

      


    





  
    Functions
  


    
      
        check(plugin_id)

      


        Checks current supervised resource usage for one plugin.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        enforce_now()

      


        Checks all registered plugins and synchronously applies configured actions.



    


    
      
        monitor_all()

      


        Checks all registered plugins without applying enforcement actions.



    


    
      
        set_action(plugin_id, action)

      


        Sets the exact enforcement action for a registered plugin.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        throttled?(plugin_id)

      


        Returns whether new work for a plugin is currently rate-limited.



    





      


      
        Types


        


  
    
      
    
    
      action()



        
          
        

    

  


  

      

          @type action() :: :warn | :throttle | :kill


      



  



  
    
      
    
    
      budget()



        
          
        

    

  


  

      

          @type budget() :: %{
  max_memory_mb: number(),
  max_cpu_percent: number(),
  max_ets_tables: non_neg_integer(),
  max_processes: non_neg_integer()
}


      



  



  
    
      
    
    
      plugin_id()



        
          
        

    

  


  

      

          @type plugin_id() :: atom() | String.t()


      



  



  
    
      
    
    
      usage()



        
          
        

    

  


  

      

          @type usage() :: %{
  memory_mb: float(),
  cpu_percent: float(),
  ets_tables: non_neg_integer(),
  processes: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      check(plugin_id)



        
          
        

    

  


  

      

          @spec check(plugin_id()) :: {:ok, usage()} | {:over_budget, usage(), budget()}


      


Checks current supervised resource usage for one plugin.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      enforce_now()



        
          
        

    

  


  

      

          @spec enforce_now() :: [{plugin_id(), :ok | :over_budget}]


      


Checks all registered plugins and synchronously applies configured actions.

  



  
    
      
    
    
      monitor_all()



        
          
        

    

  


  

      

          @spec monitor_all() :: [{plugin_id(), :ok | :over_budget}]


      


Checks all registered plugins without applying enforcement actions.

  



  
    
      
    
    
      set_action(plugin_id, action)



        
          
        

    

  


  

      

          @spec set_action(plugin_id(), action()) :: :ok


      


Sets the exact enforcement action for a registered plugin.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      throttled?(plugin_id)



        
          
        

    

  


  

      

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


      


Returns whether new work for a plugin is currently rate-limited.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.SafeLifecycleOperations 
    



      
Enhanced version of LifecycleOperations with comprehensive error handling.
This module demonstrates best practices for error handling using the
centralized ErrorHandler and ErrorRecovery modules.

      


      
        Summary


  
    Functions
  


    
      
        safe_batch_operation(operations, initial_state)

      


        Batch operations with transaction-like behavior.



    


    
      
        safe_enable_plugin(plugin_id, state)

      


        Enables a plugin with graceful degradation.



    


    
      
        safe_load_plugin(plugin_id, state)

      


        Safely loads a plugin with default config.



    


    
      
        safe_load_plugin(plugin_id, config, state)

      


        Safely loads a plugin with comprehensive error handling and recovery.



    


    
      
        safe_reload_plugin(plugin_id, state)

      


        Safely reloads a plugin with fallback to previous version.



    


    
      
        safe_unload_plugin(plugin_id, state)

      


        Safely unloads a plugin with proper cleanup.



    





      


      
        Functions


        


  
    
      
    
    
      safe_batch_operation(operations, initial_state)



        
          
        

    

  


  

Batch operations with transaction-like behavior.

  



  
    
      
    
    
      safe_enable_plugin(plugin_id, state)


        (macro)


        
          
        

    

  


  

Enables a plugin with graceful degradation.

  



  
    
      
    
    
      safe_load_plugin(plugin_id, state)



        
          
        

    

  


  

Safely loads a plugin with default config.

  



  
    
      
    
    
      safe_load_plugin(plugin_id, config, state)



        
          
        

    

  


  

Safely loads a plugin with comprehensive error handling and recovery.

  



  
    
      
    
    
      safe_reload_plugin(plugin_id, state)



        
          
        

    

  


  

Safely reloads a plugin with fallback to previous version.

  



  
    
      
    
    
      safe_unload_plugin(plugin_id, state)



        
          
        

    

  


  

Safely unloads a plugin with proper cleanup.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Security.BeamAnalyzer 
    



      
BEAM bytecode analyzer for detecting security-sensitive operations.
This module analyzes the abstract syntax tree (AST) of compiled BEAM modules
to detect potentially dangerous operations such as:
	File system access
	Network access
	Code injection / dynamic evaluation
	System command execution
	Process spawning with external commands

Usage
{:ok, capabilities} = BeamAnalyzer.analyze_module(MyPlugin)
# => {:ok, %{file_access: true, network_access: false, code_injection: false}}

      


      
        Summary


  
    Types
  


    
      
        analysis_error()

      


    


    
      
        analysis_result()

      


    


    
      
        beam_lib_error()

      


    


    
      
        capabilities()

      


    


    
      
        capability()

      


    





  
    Functions
  


    
      
        analyze_module(module)

      


        Analyzes a module's BEAM bytecode to detect security-sensitive operations.



    


    
      
        has_code_injection_risk?(module)

      


        Checks if a module has code injection capabilities.



    


    
      
        has_file_access?(module)

      


        Checks if a module has file system access capabilities.



    


    
      
        has_network_access?(module)

      


        Checks if a module has network access capabilities.



    


    
      
        has_system_command_access?(module)

      


        Checks if a module has system command execution capabilities.



    





      


      
        Types


        


  
    
      
    
    
      analysis_error()



        
          
        

    

  


  

      

          @type analysis_error() :: :no_abstract_code | :unknown_beam_format | beam_lib_error()


      



  



  
    
      
    
    
      analysis_result()



        
          
        

    

  


  

      

          @type analysis_result() :: {:ok, capabilities()} | {:error, analysis_error()}


      



  



  
    
      
    
    
      beam_lib_error()



        
          
        

    

  


  

      

          @type beam_lib_error() ::
  {:beam_lib_error,
   {:not_a_beam_file, list()}
   | {:file_error
      | :invalid_beam_file
      | :invalid_chunk
      | :key_missing_or_invalid
      | :missing_backend
      | :missing_chunk
      | :unknown_chunk, list(), atom() | list() | non_neg_integer()}
   | {:chunk_too_big, list(), list(), non_neg_integer(), non_neg_integer()}}


      



  



  
    
      
    
    
      capabilities()



        
          
        

    

  


  

      

          @type capabilities() :: %{
  file_access: boolean(),
  network_access: boolean(),
  code_injection: boolean(),
  system_commands: boolean()
}


      



  



  
    
      
    
    
      capability()



        
          
        

    

  


  

      

          @type capability() ::
  :file_access | :network_access | :code_injection | :system_commands


      



  


        

      

      
        Functions


        


  
    
      
    
    
      analyze_module(module)



        
          
        

    

  


  

      

          @spec analyze_module(module()) ::
  {:ok,
   %{
     file_access: boolean(),
     network_access: boolean(),
     code_injection: boolean(),
     system_commands: boolean()
   }}
  | {:error,
     :no_abstract_code
     | :unknown_beam_format
     | {:beam_lib_error,
        {:not_a_beam_file, [any()]}
        | {:file_error
           | :invalid_beam_file
           | :invalid_chunk
           | :key_missing_or_invalid
           | :missing_backend
           | :missing_chunk
           | :unknown_chunk, [any()], atom() | [...] | non_neg_integer()}
        | {:chunk_too_big, [any()], [...], non_neg_integer(), non_neg_integer()}}}


      


Analyzes a module's BEAM bytecode to detect security-sensitive operations.
Returns a map of capability flags indicating what the module can do.

  



  
    
      
    
    
      has_code_injection_risk?(module)



        
          
        

    

  


  

      

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


      


Checks if a module has code injection capabilities.

  



  
    
      
    
    
      has_file_access?(module)



        
          
        

    

  


  

      

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


      


Checks if a module has file system access capabilities.

  



  
    
      
    
    
      has_network_access?(module)



        
          
        

    

  


  

      

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


      


Checks if a module has network access capabilities.

  



  
    
      
    
    
      has_system_command_access?(module)



        
          
        

    

  


  

      

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


      


Checks if a module has system command execution capabilities.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.Security.CapabilityDetector 
    



      
High-level capability detection for plugins.
This module provides a simple interface to detect what capabilities a plugin
requires and whether those capabilities are permitted by the current security policy.
Usage
# Detect all capabilities
capabilities = CapabilityDetector.detect_capabilities(MyPlugin)
# => %{
#   file_access: true,
#   network_access: false,
#   code_injection: false,
#   system_commands: false
# }

# Check against policy
policy = %{allow_file_access: false, allow_network: true}
case CapabilityDetector.validate_against_policy(MyPlugin, policy) do
  :ok -> # Plugin is safe according to policy
  {:error, :file_access_denied} -> # Plugin requires file access but policy denies it
end

      


      
        Summary


  
    Types
  


    
      
        capabilities()

      


    


    
      
        capability()

      


    


    
      
        policy()

      


    





  
    Functions
  


    
      
        capability_report(module)

      


        Generates a human-readable report of a module's capabilities.



    


    
      
        create_policy(allowed_capabilities)

      


        Creates a custom policy allowing only specified capabilities.



    


    
      
        default_policy()

      


        Returns the default security policy.



    


    
      
        detect_capabilities(module)

      


        Detects all capabilities of a module.



    


    
      
        permissive_policy()

      


        Returns a permissive policy that allows all capabilities.



    


    
      
        validate_against_policy(module, policy \\ %{allow_code_injection: false, allow_file_access: false, allow_network_access: false, allow_system_commands: false})

      


        Validates a module's capabilities against a security policy.



    





      


      
        Types


        


  
    
      
    
    
      capabilities()



        
          
        

    

  


  

      

          @type capabilities() :: %{
  file_access: boolean(),
  network_access: boolean(),
  code_injection: boolean(),
  system_commands: boolean()
}


      



  



  
    
      
    
    
      capability()



        
          
        

    

  


  

      

          @type capability() ::
  :file_access | :network_access | :code_injection | :system_commands


      



  



  
    
      
    
    
      policy()



        
          
        

    

  


  

      

          @type policy() :: %{
  allow_file_access: boolean(),
  allow_network_access: boolean(),
  allow_code_injection: boolean(),
  allow_system_commands: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      capability_report(module)



        
          
        

    

  


  

      

          @spec capability_report(module()) :: String.t()


      


Generates a human-readable report of a module's capabilities.

  



  
    
      
    
    
      create_policy(allowed_capabilities)



        
          
        

    

  


  

      

          @spec create_policy([capability()]) :: policy()


      


Creates a custom policy allowing only specified capabilities.

  



  
    
      
    
    
      default_policy()



        
          
        

    

  


  

      

          @spec default_policy() :: %{
  allow_file_access: false,
  allow_network_access: false,
  allow_code_injection: false,
  allow_system_commands: false
}


      


Returns the default security policy.
By default, all sensitive capabilities are denied.

  



  
    
      
    
    
      detect_capabilities(module)



        
          
        

    

  


  

      

          @spec detect_capabilities(module()) ::
  Raxol.Core.Runtime.Plugins.Security.BeamAnalyzer.analysis_result()


      


Detects all capabilities of a module.
Returns a map indicating which security-sensitive capabilities the module has.

  



  
    
      
    
    
      permissive_policy()



        
          
        

    

  


  

      

          @spec permissive_policy() :: %{
  allow_file_access: true,
  allow_network_access: true,
  allow_code_injection: true,
  allow_system_commands: true
}


      


Returns a permissive policy that allows all capabilities.
Use with caution - only for trusted plugins.

  



    

  
    
      
    
    
      validate_against_policy(module, policy \\ %{allow_code_injection: false, allow_file_access: false, allow_network_access: false, allow_system_commands: false})



        
          
        

    

  


  

      

          @spec validate_against_policy(module(), policy()) :: :ok | {:error, atom()}


      


Validates a module's capabilities against a security policy.
Returns :ok if the module's capabilities are within policy bounds,
or an error tuple describing the violation.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.StateManager 
    



      
Plugin state management.
Delegates to Raxol.Core.Runtime.Plugins.StateManager.Impl and adds the
arity-2/3 compatibility wrappers used by older call sites.

      


      
        Summary


  
    Functions
  


    
      
        cleanup()

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.cleanup/0.



    


    
      
        get_plugin_metadata(plugin_id)

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.get_plugin_metadata/1.



    


    
      
        get_plugin_state(plugin_id)

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.get_plugin_state/1.



    


    
      
        get_plugin_state(plugin_id, state)

      


        Gets plugin state with both plugin_id and state parameters for compatibility.



    


    
      
        initialize(state)

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.initialize/1.



    


    
      
        list_plugin_states()

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.list_plugin_states/0.



    


    
      
        remove_plugin(plugin_id)

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.remove_plugin/1.



    


    
      
        set_plugin_state(plugin_id, state)

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.set_plugin_state/2.



    


    
      
        set_plugin_state(plugin_id, state, current_state)

      


        Sets plugin state with plugin_id and state parameters for compatibility.



    


    
      
        update_plugin_state(plugin_id, update_fn)

      


        See Raxol.Core.Runtime.Plugins.StateManager.Impl.update_plugin_state/2.



    


    
      
        update_plugin_state(plugin_id, state, update_fn)

      


        Updates plugin state with additional state parameter for compatibility.



    





      


      
        Functions


        


  
    
      
    
    
      cleanup()



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.cleanup/0.

  



  
    
      
    
    
      get_plugin_metadata(plugin_id)



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.get_plugin_metadata/1.

  



  
    
      
    
    
      get_plugin_state(plugin_id)



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.get_plugin_state/1.

  



  
    
      
    
    
      get_plugin_state(plugin_id, state)



        
          
        

    

  


  

      

          @spec get_plugin_state(String.t(), term()) :: {:ok, term()}


      


Gets plugin state with both plugin_id and state parameters for compatibility.

  



  
    
      
    
    
      initialize(state)



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.initialize/1.

  



  
    
      
    
    
      list_plugin_states()



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.list_plugin_states/0.

  



  
    
      
    
    
      remove_plugin(plugin_id)



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.remove_plugin/1.

  



  
    
      
    
    
      set_plugin_state(plugin_id, state)



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.set_plugin_state/2.

  



  
    
      
    
    
      set_plugin_state(plugin_id, state, current_state)



        
          
        

    

  


  

      

          @spec set_plugin_state(String.t(), term(), term()) :: {:ok, term()}


      


Sets plugin state with plugin_id and state parameters for compatibility.

  



  
    
      
    
    
      update_plugin_state(plugin_id, update_fn)



        
          
        

    

  


  

See Raxol.Core.Runtime.Plugins.StateManager.Impl.update_plugin_state/2.

  



  
    
      
    
    
      update_plugin_state(plugin_id, state, update_fn)



        
          
        

    

  


  

      

          @spec update_plugin_state(String.t(), term(), (term() -> term())) :: {:ok, term()}


      


Updates plugin state with additional state parameter for compatibility.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.StateManager.Impl 
    



      
Plugin state management utilities with full functionality.
Provides state management for the plugin system, including initialization,
updates, persistence, and cleanup. Integrates with the unified state manager
for consistency and performance.
Callers should use Raxol.Core.Runtime.Plugins.StateManager, which delegates
here and carries the arity-compatibility wrappers.

      


      
        Summary


  
    Types
  


    
      
        plugin_config()

      


    


    
      
        plugin_id()

      


    


    
      
        plugin_module()

      


    


    
      
        plugin_state()

      


    





  
    Functions
  


    
      
        cleanup()

      


        Cleans up all plugin states.



    


    
      
        get_plugin_metadata(plugin_id)

      


        Gets plugin metadata.



    


    
      
        get_plugin_state(plugin_id)

      


        Gets plugin state by plugin ID.



    


    
      
        initialize(state)

      


        Initializes the plugin state manager subsystem.



    


    
      
        list_plugin_states()

      


        Lists all plugin states.



    


    
      
        remove_plugin(plugin_id)

      


        Removes plugin state and metadata.



    


    
      
        set_plugin_state(plugin_id, state)

      


        Sets plugin state directly.



    


    
      
        update_plugin_state(plugin_id, update_fn)

      


        Updates plugin state using an update function.



    





      


      
        Types


        


  
    
      
    
    
      plugin_config()



        
          
        

    

  


  

      

          @type plugin_config() :: map()


      



  



  
    
      
    
    
      plugin_id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      plugin_module()



        
          
        

    

  


  

      

          @type plugin_module() :: module()


      



  



  
    
      
    
    
      plugin_state()



        
          
        

    

  


  

      

          @type plugin_state() :: term()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cleanup()



        
          
        

    

  


  

      

          @spec cleanup() :: :ok


      


Cleans up all plugin states.

  



  
    
      
    
    
      get_plugin_metadata(plugin_id)



        
          
        

    

  


  

      

          @spec get_plugin_metadata(plugin_id()) :: {:ok, map()} | {:error, :not_found}


      


Gets plugin metadata.

  



  
    
      
    
    
      get_plugin_state(plugin_id)



        
          
        

    

  


  

      

          @spec get_plugin_state(plugin_id()) :: {:ok, plugin_state()} | {:error, :not_found}


      


Gets plugin state by plugin ID.

  



  
    
      
    
    
      initialize(state)



        
          
        

    

  


  

      

          @spec initialize(term()) :: {:ok, term()}


      


Initializes the plugin state manager subsystem.

  



  
    
      
    
    
      list_plugin_states()



        
          
        

    

  


  

      

          @spec list_plugin_states() :: [{plugin_id(), plugin_state()}]


      


Lists all plugin states.

  



  
    
      
    
    
      remove_plugin(plugin_id)



        
          
        

    

  


  

      

          @spec remove_plugin(plugin_id()) :: :ok


      


Removes plugin state and metadata.

  



  
    
      
    
    
      set_plugin_state(plugin_id, state)



        
          
        

    

  


  

      

          @spec set_plugin_state(plugin_id(), plugin_state()) :: :ok


      


Sets plugin state directly.

  



  
    
      
    
    
      update_plugin_state(plugin_id, update_fn)



        
          
        

    

  


  

      

          @spec update_plugin_state(plugin_id(), (plugin_state() -> plugin_state())) ::
  {:ok, plugin_state()}


      


Updates plugin state using an update function.

  


        

      


  

    
Raxol.Core.Runtime.Plugins.TimerManager 
    



      
Handles timer management for plugin operations including periodic ticks and file event timers.
This module has been enhanced to use the centralized TimerManager for consistent
timer handling across the plugin system.

      


      
        Summary


  
    Functions
  


    
      
        cancel_existing_timer(state)

      


        Cancels an existing timer using the centralized TimerManager.



    


    
      
        cancel_periodic_tick(state)

      


        Cancels a periodic tick timer using the centralized TimerManager.



    


    
      
        schedule_file_event_timer(state, plugin_id, path, interval \\ 1000)

      


        Schedules a file event timer using the centralized TimerManager.



    


    
      
        start_periodic_tick(state, interval \\ 5000)

      


        Starts a periodic tick timer using the centralized TimerManager.



    





      


      
        Functions


        


  
    
      
    
    
      cancel_existing_timer(state)



        
          
        

    

  


  

      

          @spec cancel_existing_timer(map()) :: map()


      


Cancels an existing timer using the centralized TimerManager.

  



  
    
      
    
    
      cancel_periodic_tick(state)



        
          
        

    

  


  

      

          @spec cancel_periodic_tick(map()) :: {:ok, map()}


      


Cancels a periodic tick timer using the centralized TimerManager.

  



    

  
    
      
    
    
      schedule_file_event_timer(state, plugin_id, path, interval \\ 1000)



        
          
        

    

  


  

      

          @spec schedule_file_event_timer(map(), atom(), String.t(), pos_integer()) :: map()


      


Schedules a file event timer using the centralized TimerManager.

  



    

  
    
      
    
    
      start_periodic_tick(state, interval \\ 5000)



        
          
        

    

  


  

      

          @spec start_periodic_tick(map(), pos_integer()) :: map()


      


Starts a periodic tick timer using the centralized TimerManager.

  


        

      


  

    
Raxol.Core.Runtime.ProcessStore 
    



      
Replacement for Process dictionary usage.
Provides a functional alternative using Agent for state storage.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear()

      


        Clears all values from the store.



    


    
      
        delete(key)

      


        Deletes a value from the store.



    


    
      
        get(key, default \\ nil)

      


        Gets a value from the store.



    


    
      
        get_all()

      


        Gets all values from the store.



    


    
      
        get_and_update(key, fun)

      


        Gets and updates a value atomically.



    


    
      
        put(key, value)

      


        Puts a value in the store.



    


    
      
        start_link(initial_state \\ %{})

      


        Starts a new process store.



    


    
      
        update(key, default, fun)

      


        Updates a value in the store using a function.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear()



        
          
        

    

  


  

Clears all values from the store.

  



  
    
      
    
    
      delete(key)



        
          
        

    

  


  

Deletes a value from the store.

  



    

  
    
      
    
    
      get(key, default \\ nil)



        
          
        

    

  


  

Gets a value from the store.

  



  
    
      
    
    
      get_all()



        
          
        

    

  


  

Gets all values from the store.

  



  
    
      
    
    
      get_and_update(key, fun)



        
          
        

    

  


  

Gets and updates a value atomically.

  



  
    
      
    
    
      put(key, value)



        
          
        

    

  


  

Puts a value in the store.

  



    

  
    
      
    
    
      start_link(initial_state \\ %{})



        
          
        

    

  


  

Starts a new process store.

  



  
    
      
    
    
      update(key, default, fun)



        
          
        

    

  


  

Updates a value in the store using a function.

  


        

      


  

    
Raxol.Core.Stores.Dets 
    



      
Shared DETS lifecycle for ETS-backed stores with optional disk persistence.
An ETS-backed store keeps its working set in one or more :named_table
ETS tables and, when configured, mirrors the canonical records to a DETS
file so they survive a process restart. This module covers:
	resolving the DETS path from start options or application config,
	opening (or creating) the file and replaying its records back into the
caller's live ETS tables on boot,
	writing through to disk on each mutation,
	flushing and closing the file on shutdown.

The caller owns its ETS table topology and replay logic. The replay step
is supplied as a function so a store with secondary indices can re-index
every record as it is read back. A nil handle is a valid no-op
throughout, so a store with persistence disabled can call these helpers
unconditionally.
Pure: depends only on :dets, File, and Path.

      


      
        Summary


  
    Types
  


    
      
        handle()

      


        An open DETS handle, or nil when persistence is disabled.



    





  
    Functions
  


    
      
        clear(dets)

      


        Wipe every persisted record. No-op when persistence is disabled.



    


    
      
        close(dets)

      


        Flush and close the DETS file. No-op when persistence is disabled.



    


    
      
        delete(dets, key)

      


        Delete a record from disk. No-op when persistence is disabled.



    


    
      
        get(handle, key, default \\ nil)

      


        Read a record straight from disk, or default when the key is absent.



    


    
      
        open!(dets_name, path, replay_fun)

      


        Open (or create) the DETS file at path under table name dets_name,
replay every stored record through replay_fun, and return the handle.



    


    
      
        put(dets, key, value)

      


        Write a record through to disk. No-op when persistence is disabled.



    


    
      
        resolve_path(opts, otp_app, config_key)

      


        Resolve the configured DETS path, or nil when persistence is disabled.



    





      


      
        Types


        


  
    
      
    
    
      handle()



        
          
        

    

  


  

      

          @type handle() :: :dets.tab_name() | nil


      


An open DETS handle, or nil when persistence is disabled.

  


        

      

      
        Functions


        


  
    
      
    
    
      clear(dets)



        
          
        

    

  


  

      

          @spec clear(handle()) :: :ok


      


Wipe every persisted record. No-op when persistence is disabled.

  



  
    
      
    
    
      close(dets)



        
          
        

    

  


  

      

          @spec close(handle()) :: :ok


      


Flush and close the DETS file. No-op when persistence is disabled.
Intended for a store's terminate/2. A SIGKILL can still lose the most
recent write window; use a real database for stronger guarantees.

  



  
    
      
    
    
      delete(dets, key)



        
          
        

    

  


  

      

          @spec delete(handle(), term()) :: :ok


      


Delete a record from disk. No-op when persistence is disabled.

  



    

  
    
      
    
    
      get(handle, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get(handle(), term(), term()) :: term()


      


Read a record straight from disk, or default when the key is absent.
For stores whose working set lives in ETS this is never needed (replay
covers boot); it exists for single-record stores with no ETS mirror, such
as a poller checkpoint. Returns default when persistence is disabled.

  



  
    
      
    
    
      open!(dets_name, path, replay_fun)



        
          
        

    

  


  

      

          @spec open!(atom(), binary(), ({term(), term()} -> any())) :: handle()


      


Open (or create) the DETS file at path under table name dets_name,
replay every stored record through replay_fun, and return the handle.
replay_fun is called once per {key, value} record for its side effect
(re-inserting into the caller's ETS tables); its return value is ignored.
Raises when the parent directory cannot be created or the file cannot be
opened, so a misconfigured path surfaces at boot rather than degrading
silently to an in-memory store.

  



  
    
      
    
    
      put(dets, key, value)



        
          
        

    

  


  

      

          @spec put(handle(), term(), term()) :: :ok


      


Write a record through to disk. No-op when persistence is disabled.

  



  
    
      
    
    
      resolve_path(opts, otp_app, config_key)



        
          
        

    

  


  

      

          @spec resolve_path(keyword(), atom(), atom()) :: binary() | nil


      


Resolve the configured DETS path, or nil when persistence is disabled.
An explicit :dets_path in opts always wins; otherwise the value falls
back to Application.get_env(otp_app, config_key). Returns nil when
neither is set, signalling in-memory-only operation.

  


        

      


  

    
Raxol.Core.Stores.Naming 
    



      
Derive a store's identity from its registered process name.
ETS-backed stores name their tables after the GenServer's registered
name so that multiple instances can coexist on one node. This helper
reads that name and fails loudly when the store was started without
one, since an unnamed store cannot derive stable table names.

      


      
        Summary


  
    Functions
  


    
      
        registered_name!(module)

      


        Return the registered name of the calling process.



    





      


      
        Functions


        


  
    
      
    
    
      registered_name!(module)



        
          
        

    

  


  

      

          @spec registered_name!(module()) :: atom()


      


Return the registered name of the calling process.
Raises when the process was not started with a registered atom name.
module only shapes the error message so it points at the store the
caller intended to start.

  


        

      


  

    
Raxol.Core.Telemetry.Context 
    



      
Trace context propagation for telemetry events.
Deprecated
Use Raxol.Core.Telemetry.TraceContext instead. It provides the same
span/3, execute/3, and to_metadata/1 telemetry surface (with
binary span names) plus causation tracking and header propagation.
This module is retained for backward compatibility and will be
removed in the next major release.
Provides request correlation across components using trace_id and span_id.
Following OpenTelemetry-compatible patterns for distributed tracing.
Design
Trace context is stored in the process dictionary and automatically
propagated to child processes. This allows correlating all telemetry
events within a single request/operation.
Usage
# Start a new trace (e.g., at request entry point)
Context.start_trace()

# Start a child span within a trace
Context.start_span(:render)

# Get current context for telemetry metadata
metadata = Context.to_metadata()
:telemetry.execute([:raxol, :render, :stop], measurements, metadata)

# End current span
Context.end_span()

# Wrap a function with span instrumentation
Context.with_span(:database_query, fn ->
  # ... work ...
end)
Context Structure
%{
  trace_id: "abc123def456",      # Unique per request/trace
  span_id: "span789",            # Unique per operation within trace
  parent_span_id: "span456",     # Parent span (for nesting)
  baggage: %{}                   # Additional context to propagate
}

      


      
        Summary


  
    Types
  


    
      
        span_id()

      


    


    
      
        t()

      


    


    
      
        trace_id()

      


    





  
    Functions
  


    
      
        capture()

      


        Captures current context for propagation to another process.



    


    
      
        clear()

      


        Clears the current trace context.



    


    
      
        end_span()

      


        Ends the current span and returns to the parent span.



    


    
      
        execute(event, measurements, metadata \\ %{})

      


        Executes a telemetry event with trace context automatically injected.



    


    
      
        get()

      


        Gets the current trace context.



    


    
      
        get_baggage(key, default \\ nil)

      


        Gets a baggage value.



    


    
      
        put_baggage(key, value)

      


        Sets a baggage value that will be propagated with the trace.



    


    
      
        restore(captured)

      


        Restores captured context in a new process.



    


    
      
        span(event_prefix, metadata, fun)

      


        Wraps a function with telemetry span instrumentation.



    


    
      
        span_id()

      


        Gets the current span_id, or nil if no trace is active.



    


    
      
        start_span(name)

      


        Starts a new span within the current trace.



    


    
      
        start_trace(opts \\ [])

      


        Starts a new trace with a unique trace_id.



    


    
      
        to_metadata(extra \\ %{})

      


        Converts current context to telemetry metadata map.



    


    
      
        trace_id()

      


        Gets the current trace_id, or nil if no trace is active.



    


    
      
        with_span(name, fun)

      


        Executes a function within a new span.



    





      


      
        Types


        


  
    
      
    
    
      span_id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  trace_id: trace_id(),
  span_id: span_id(),
  parent_span_id: span_id() | nil,
  baggage: map()
}


      



  



  
    
      
    
    
      trace_id()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      capture()



        
          
        

    

  


  

      

          @spec capture() :: t() | nil


      


Captures current context for propagation to another process.
Examples
# In parent process
captured = Context.capture()

# In spawned process
Task.async(fn ->
  Context.restore(captured)
  # ... work with trace context ...
end)

  



  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          @spec clear() :: :ok


      


Clears the current trace context.
Call this when a request/operation completes.

  



  
    
      
    
    
      end_span()



        
          
        

    

  


  

      

          @spec end_span() :: t() | nil


      


Ends the current span and returns to the parent span.

  



    

  
    
      
    
    
      execute(event, measurements, metadata \\ %{})



        
          
        

    

  


  

      

          @spec execute([atom()], map(), map()) :: :ok


      


Executes a telemetry event with trace context automatically injected.
Examples
Context.execute([:raxol, :render, :stop], %{duration: 1234}, %{component: :button})

  



  
    
      
    
    
      get()



        
          
        

    

  


  

      

          @spec get() :: t() | nil


      


Gets the current trace context.
Returns nil if no trace is active.

  



    

  
    
      
    
    
      get_baggage(key, default \\ nil)



        
          
        

    

  


  

      

          @spec get_baggage(atom(), any()) :: any()


      


Gets a baggage value.

  



  
    
      
    
    
      put_baggage(key, value)



        
          
        

    

  


  

      

          @spec put_baggage(atom(), any()) :: :ok


      


Sets a baggage value that will be propagated with the trace.
Baggage is additional context that travels with the trace.
Examples
Context.put_baggage(:user_id, "user123")
Context.put_baggage(:request_path, "/api/users")

  



  
    
      
    
    
      restore(captured)



        
          
        

    

  


  

      

          @spec restore(map() | nil) :: :ok


      


Restores captured context in a new process.

  



  
    
      
    
    
      span(event_prefix, metadata, fun)



        
          
        

    

  


  

      

          @spec span([atom()], map(), (-> result)) :: result when result: any()


      


Wraps a function with telemetry span instrumentation.
Emits start/stop/exception events with trace context.
Examples
result = Context.span([:raxol, :render], %{component: :button}, fn ->
  render_component()
end)

  



  
    
      
    
    
      span_id()



        
          
        

    

  


  

      

          @spec span_id() :: span_id() | nil


      


Gets the current span_id, or nil if no trace is active.

  



  
    
      
    
    
      start_span(name)



        
          
        

    

  


  

      

          @spec start_span(atom()) :: t()


      


Starts a new span within the current trace.
Spans can be nested - calling start_span while a span is active
creates a child span.
Examples
Context.start_span(:render)
# ... do rendering ...
Context.end_span()

  



    

  
    
      
    
    
      start_trace(opts \\ [])



        
          
        

    

  


  

      

          @spec start_trace(keyword()) :: t()


      


Starts a new trace with a unique trace_id.
Call this at the entry point of a request or operation.
Returns the trace context.
Examples
context = Context.start_trace()
# => %{trace_id: "abc123...", span_id: "def456...", ...}

# With custom trace_id (e.g., from incoming request header)
context = Context.start_trace(trace_id: "incoming-trace-id")

  



    

  
    
      
    
    
      to_metadata(extra \\ %{})



        
          
        

    

  


  

      

          @spec to_metadata(map()) :: map()


      


Converts current context to telemetry metadata map.
Use this to add trace context to telemetry events:
Examples
metadata = Context.to_metadata()
:telemetry.execute([:raxol, :render], measurements, metadata)

# With additional metadata
metadata = Context.to_metadata(%{component: :button})

  



  
    
      
    
    
      trace_id()



        
          
        

    

  


  

      

          @spec trace_id() :: trace_id() | nil


      


Gets the current trace_id, or nil if no trace is active.

  



  
    
      
    
    
      with_span(name, fun)



        
          
        

    

  


  

      

          @spec with_span(atom(), (-> result)) :: result when result: any()


      


Executes a function within a new span.
Automatically starts a span, executes the function, and ends the span.
The span timing is captured for telemetry.
Examples
result = Context.with_span(:database_query, fn ->
  Repo.all(User)
end)

  


        

      


  

    
Raxol.Core.Telemetry.InvariantSentinel 
    



      
Arms a registry's invariant_events/0 for the duration of each test and
fails the test if one of them fired.
defmodule Raxol.Payments.SettlementTest do
  use ExUnit.Case, async: false
  use Raxol.Core.Telemetry.InvariantSentinel, registry: Raxol.Payments.Telemetry
end
registry: is the only option and it is required: it names a module built
with use Raxol.Core.Telemetry.Invariants. An invariant event is one that
can only fire if Raxol itself is wrong. Before this mechanism existed, such
an event was emitted, logged, and ignored -- which is how a turn that
delivered zero content shipped while the library was warning about it on
stderr. A guard that nothing asserts on is not a guard.
Why this module lives in lib/ and not test/support/
Dependent packages use it from THEIR tests, and a dependency's
test/support tree is not on the consumer's load path -- only lib/ is
compiled into the delivered application. ExUnit is therefore touched only
inside functions that this module injects into, or that are called from, a
test module (ExUnit.Callbacks.on_exit/1, ExUnit.Assertions.flunk/1).
Nothing here requires ExUnit at runtime for a normal library consumer, and
nothing here is executed by simply loading raxol_core.
Declaring an invariant on purpose
A test that DELIBERATELY drives a bad path declares it:
@tag expect_invariant: [[:raxol, :payments, :xochi, :unchecked_settlement]]
A single event may be given unwrapped (expect_invariant: [:raxol, :payments, :xochi, :unchecked_settlement]). The declaration is an ASSERTION, not a mute
button: such a test also fails when the event does NOT fire. That is the
point -- it converts "this test happens to drive a bad path" into "this test
pins the bad path". Declaring an event the registry does not classify as
:invariant is itself a failure, so the tag cannot drift away from the
registry.
Only sound in async: false modules
:telemetry handlers are global and run in the EMITTING process, so a
handler cannot tell which concurrently-running test caused an event: an
invariant fired by test A would be reported against test B. Every module that
uses this sentinel MUST therefore be async: false. A few hundred
milliseconds of serial runtime is worth a guard that cannot misattribute.
Pid-ancestry filtering is deliberately NOT attempted: $ancestors does not
survive the Task.Supervisor hops these systems use, so it would silently
drop the events most worth catching.
How the events survive the test process
The handler runs in whichever process emitted the event, and the verdict is
rendered from on_exit/1 (the only hook that runs after the test body), by
which time the test process is already gone -- so messaging self() from the
handler cannot work. Fired events are parked in a public ETS table owned by
one long-lived collector process, keyed by the per-test handler id, and
dropped when the verdict is rendered. Table and collector names are derived
from the registry module, so two packages' sentinels cannot collide in one
BEAM.

      


      
        Summary


  
    Functions
  


    
      
        arm(context, registry)

      


        Attach a per-test handler for every invariant event in registry and
register the end-of-test verdict. Called by the setup that __using__/1
injects.



    





      


      
        Functions


        


  
    
      
    
    
      arm(context, registry)



        
          
        

    

  


  

      

          @spec arm(map(), module()) :: :ok


      


Attach a per-test handler for every invariant event in registry and
register the end-of-test verdict. Called by the setup that __using__/1
injects.

  


        

      


  

    
Raxol.Core.Telemetry.Invariants 
    



      
Declares the :telemetry events a package emits, each classified as exactly
one of :invariant, :peer or :operational, and provides the source
scanner that keeps such a declaration honest.
Why this exists
A telemetry event is only a guard if something fails when it fires.
Raxol.AgentClientProtocol.Session detected a turn that produced zero
session/update frames for a non-empty prompt, logged a warning AND emitted
an event -- and the bug shipped anyway, because no test asserted on the
event and the package did not even depend on :telemetry, so the emit site's
Code.ensure_loaded?/1 guard was permanently false. Classification turns
"the system noticed and told nobody" into "the suite fails":
	:invariant -- can only fire if Raxol itself is wrong. Enforced:
Raxol.Core.Telemetry.InvariantSentinel fails any test in which one
fires unless the test declares it with @tag expect_invariant:.
	:peer -- caused by a remote party misbehaving (a chain RPC, a chat
API, a peer agent, a malformed inbound frame). Not enforced.
	:operational -- normal life: cache hits, policy decisions, lifecycle,
retries, user API misuse, filesystem and clock reality. Not enforced.

The criterion, applied literally: if a peer, the network, the chain, the
filesystem, the clock, or a user can cause it, it is NOT an invariant. Err
toward :peer/:operational. A false invariant makes the suite flaky, and a
flaky guard gets deleted, which is strictly worse than a missed one.
Why this module lives in lib/ and not test/support/
Dependent packages use this from THEIR test files, and a dependency's
test/support tree is not on a consumer's load path -- only its lib/ is
compiled into the delivered application. Nothing here requires ExUnit at
runtime: this module never touches it, and
Raxol.Core.Telemetry.InvariantSentinel touches it only inside functions it
injects into (or is called from) a test module.
Usage
defmodule Raxol.Payments.Telemetry do
  use Raxol.Core.Telemetry.Invariants,
    events: %{
      [:raxol, :payments, :xochi, :unchecked_settlement] => :invariant,
      [:raxol, :payments, :spend] => :operational
    },
    dynamic: [[:raxol, :earn, :buyer, :queue]]
end
That injects events/0, invariant_events/0, dynamic_families/0 and
classification/1.
events: must be written as a literal map of literal event names, because
the registry's whole value is being readable from source: a computed map
could not be checked at compile time, and a duplicate key in a computed map
would silently collapse rather than raise.
Dynamic families
Some events build their final segment at runtime
([:raxol, :earn, :buyer, :queue, suffix]). A source scan cannot enumerate
those names, so the family prefix is declared in dynamic: instead. An entry
is either a bare family (classified :operational) or a
{family, classification} pair. A dynamic family may NOT be :invariant:
the sentinel cannot subscribe to a name it cannot spell.
Completeness is asserted, not trusted
scan_lib!/1 parses a package's lib/ for the event literals actually
passed to an emit call, so a per-package registry test can fail when a new
event is added without anyone classifying it. That test is the load-bearing
half of the mechanism.

      


      
        Summary


  
    Types
  


    
      
        classification()

      


        How a fired event should be read.



    


    
      
        event()

      


        A telemetry event name, or (for a dynamic family) its prefix.



    





  
    Functions
  


    
      
        classify(event, events, dynamic)

      


        Resolve event against a static registry map and a list of
{family, classification} dynamic entries.



    


    
      
        scan_lib!(lib_path)

      


        Parse every .ex file under lib_path and return the sorted unique
[:raxol, ...] event literals that appear as the FIRST ARGUMENT of an emit
call.



    





      


      
        Types


        


  
    
      
    
    
      classification()



        
          
        

    

  


  

      

          @type classification() :: :invariant | :peer | :operational


      


How a fired event should be read.

  



  
    
      
    
    
      event()



        
          
        

    

  


  

      

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


      


A telemetry event name, or (for a dynamic family) its prefix.

  


        

      

      
        Functions


        


  
    
      
    
    
      classify(event, events, dynamic)



        
          
        

    

  


  

      

          @spec classify(event(), %{required(event()) => classification()}, [
  {event(), classification()}
]) ::
  classification() | nil


      


Resolve event against a static registry map and a list of
{family, classification} dynamic entries.
Exact matches win; otherwise the longest matching family prefix does, so a
narrower family can refine a broader one.

  



  
    
      
    
    
      scan_lib!(lib_path)



        
          
        

    

  


  

      

          @spec scan_lib!(Path.t()) :: [event()]


      


Parse every .ex file under lib_path and return the sorted unique
[:raxol, ...] event literals that appear as the FIRST ARGUMENT of an emit
call.
An emit call is any call -- local, or qualified by any module -- named
execute, span, emit_telemetry or emit_event whose first argument is a
literal [:raxol, ...] list of atoms. The rule is deliberately
module-agnostic: this repo emits through :telemetry.execute/3 directly, and
also through wrappers (Raxol.Core.Telemetry.TraceContext.execute/3, a
package's own Telemetry.span/3) that a :telemetry-only rule would miss,
leaving a correctly classified event looking like a phantom registry row.
In the other direction, :telemetry.attach_many/4 takes event names too, but
subscribing is not emitting, and a registry that demanded classification of
events nobody emits would be noise that gets the completeness test disabled.
A first argument given as a module attribute (@telemetry_event [:raxol, ...] then :telemetry.execute(@telemetry_event, ...)) is resolved
against the literal attribute definitions in the same file.
The scan is AST-based on purpose: an event named in a moduledoc or a comment
is prose, not an emit site. Event names assembled at runtime
([:raxol, :earn, :buyer, :queue, suffix]) are not literals, so they never
appear here -- declare them as dynamic: families instead.
Raises when lib_path is not a directory or holds no .ex files, so a moved
source tree fails loudly instead of letting a completeness test pass on an
empty scan.

  


        

      


  

    
Raxol.Core.Telemetry.TraceContext 
    



      
Trace context management for request correlation across telemetry events.
Provides trace_id and span_id generation and propagation for debugging
and observability. Trace context flows through the process dictionary
for automatic inclusion in telemetry events.
Usage
# Start a new trace for a request/operation
TraceContext.start_trace()

# Or with a custom trace_id (for distributed tracing)
TraceContext.start_trace(trace_id: "abc123")

# Start a child span within a trace
TraceContext.start_span("render_component")

# Get current context for logging/telemetry
ctx = TraceContext.current()
# => %{trace_id: "abc123", span_id: "def456", parent_span_id: nil}

# End the current span
TraceContext.end_span()
Process Dictionary Keys
	:raxol_trace_id - Current trace identifier
	:raxol_span_id - Current span identifier
	:raxol_parent_span_id - Parent span for nested operations
	:raxol_span_stack - Stack of span IDs for nesting
	:raxol_causation_id - Id of the event/span that caused the current work

Causation vs parent span
parent_span_id reflects synchronous nesting (a span starts inside
another). causation_id reflects asynchronous handoff (an event
caused this work to happen, possibly across processes or messages).
Both can hold values simultaneously and serve different debugging
needs.
Integration
The TelemetryAdapter automatically includes trace context in all events
when available. No manual instrumentation needed for basic tracing.

      


      
        Summary


  
    Types
  


    
      
        causation_id()

      


    


    
      
        context()

      


    


    
      
        span_id()

      


    


    
      
        trace_id()

      


    





  
    Functions
  


    
      
        active?()

      


        Checks if there is an active trace context.



    


    
      
        clear()

      


        Clears the current trace context.



    


    
      
        current()

      


        Returns the current trace context, or empty context if none active.



    


    
      
        end_span()

      


        Ends the current span and restores the parent span.



    


    
      
        execute(event, measurements, metadata \\ %{})

      


        Executes a telemetry event with the current trace context injected
into its metadata.



    


    
      
        format()

      


        Formats the current context as a string for logging.



    


    
      
        from_headers(headers)

      


        Creates context from HTTP headers (for distributed tracing).



    


    
      
        set_causation(id)

      


        Sets the causation id for the current process.



    


    
      
        span(event_prefix, metadata, fun)

      


        Wraps a function with telemetry span instrumentation.



    


    
      
        start_span(name)

      


        Starts a child span within the current trace.



    


    
      
        start_trace(opts \\ [])

      


        Starts a new trace, optionally with a provided trace_id.



    


    
      
        to_headers()

      


        Returns context as a map suitable for HTTP headers or metadata.



    


    
      
        to_metadata(extra \\ %{})

      


        Converts the current context to telemetry metadata.



    


    
      
        with_span(name, fun)

      


        Executes a function within a new span.



    


    
      
        with_trace(fun)

      


        Executes a function within a new trace.



    





      


      
        Types


        


  
    
      
    
    
      causation_id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: %{
  trace_id: trace_id() | nil,
  span_id: span_id() | nil,
  parent_span_id: span_id() | nil,
  causation_id: causation_id() | nil
}


      



  



  
    
      
    
    
      span_id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      trace_id()



        
          
        

    

  


  

      

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


      



  


        

      

      
        Functions


        


  
    
      
    
    
      active?()



        
          
        

    

  


  

      

          @spec active?() :: boolean()


      


Checks if there is an active trace context.

  



  
    
      
    
    
      clear()



        
          
        

    

  


  

      

          @spec clear() :: :ok


      


Clears the current trace context.
Call this when a request/operation completes to clean up.

  



  
    
      
    
    
      current()



        
          
        

    

  


  

      

          @spec current() :: context()


      


Returns the current trace context, or empty context if none active.
Examples
ctx = TraceContext.current()
%{trace_id: "abc", span_id: "def", parent_span_id: nil}

  



  
    
      
    
    
      end_span()



        
          
        

    

  


  

      

          @spec end_span() :: context()


      


Ends the current span and restores the parent span.

  



    

  
    
      
    
    
      execute(event, measurements, metadata \\ %{})



        
          
        

    

  


  

      

          @spec execute([atom()], map(), map()) :: :ok


      


Executes a telemetry event with the current trace context injected
into its metadata.
Examples
TraceContext.execute([:raxol, :render, :stop], %{duration: 1234}, %{component: :button})

  



  
    
      
    
    
      format()



        
          
        

    

  


  

      

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


      


Formats the current context as a string for logging.
Examples
TraceContext.format()
# => "[trace:abc123 span:def456]"

  



  
    
      
    
    
      from_headers(headers)



        
          
        

    

  


  

      

          @spec from_headers(map()) :: context()


      


Creates context from HTTP headers (for distributed tracing).
Examples
TraceContext.from_headers(%{"x-trace-id" => "abc123"})

  



  
    
      
    
    
      set_causation(id)



        
          
        

    

  


  

      

          @spec set_causation(causation_id() | nil) :: context()


      


Sets the causation id for the current process.
Use this when handing work off across messages or processes: the
sender's span_id becomes the receiver's causation_id, forming a
chain independent of synchronous span nesting.
Passing nil clears the causation id.

  



  
    
      
    
    
      span(event_prefix, metadata, fun)



        
          
        

    

  


  

      

          @spec span([atom()], map(), (-> result)) :: result when result: any()


      


Wraps a function with telemetry span instrumentation.
Emits event_prefix ++ [:start], then [:stop] on success or
[:exception] on failure (re-raising), each carrying the current
trace context. The span is started before the function and ended
after, even on exception.
Examples
result = TraceContext.span([:raxol, :render], %{component: :button}, fn ->
  render_component()
end)

  



  
    
      
    
    
      start_span(name)



        
          
        

    

  


  

      

          @spec start_span(String.t()) :: context()


      


Starts a child span within the current trace.
Returns the new context with the child span active.
The parent span is preserved on a stack for proper nesting.
Examples
TraceContext.start_span("database_query")
# ... do work ...
TraceContext.end_span()

  



    

  
    
      
    
    
      start_trace(opts \\ [])



        
          
        

    

  


  

      

          @spec start_trace(keyword()) :: context()


      


Starts a new trace, optionally with a provided trace_id.
Options
	:trace_id - Use existing trace_id (for distributed tracing)
	:span_name - Name for the root span (default: "root")

Examples
TraceContext.start_trace()
TraceContext.start_trace(trace_id: "external-123")

  



  
    
      
    
    
      to_headers()



        
          
        

    

  


  

      

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


      


Returns context as a map suitable for HTTP headers or metadata.
Examples
headers = TraceContext.to_headers()
# => %{"x-trace-id" => "abc123", "x-span-id" => "def456"}

  



    

  
    
      
    
    
      to_metadata(extra \\ %{})



        
          
        

    

  


  

      

          @spec to_metadata(map()) :: map()


      


Converts the current context to telemetry metadata.
Returns extra unchanged when no trace is active; otherwise merges
trace_id/span_id/parent_span_id into it.
Examples
metadata = TraceContext.to_metadata(%{component: :button})
:telemetry.execute([:raxol, :render], measurements, metadata)

  



  
    
      
    
    
      with_span(name, fun)



        
          
        

    

  


  

      

          @spec with_span(String.t(), (-> result)) :: result when result: term()


      


Executes a function within a new span.
Automatically starts the span before execution and ends it after,
even if the function raises an exception.
Examples
result = TraceContext.with_span("render", fn ->
  render_component()
end)

  



  
    
      
    
    
      with_trace(fun)



        
          
        

    

  


  

      

          @spec with_trace((-> result)) :: result when result: term()


      


Executes a function within a new trace.
Creates a new trace context, executes the function, and clears
the context after completion.
Examples
result = TraceContext.with_trace(fn ->
  # All telemetry events here will have trace_id
  process_request()
end)

  


        

      


  

    
Raxol.Core.Theming.ThemeRegistry 
    



      
Unified theme registry - single source of truth for all Raxol themes.
Provides theme definitions that can be consumed by both terminal and web
components. Each theme includes the standard 16-color ANSI palette plus
UI colors (background, foreground, cursor, selection).
Design
Following Chris McCord's recommendation: one source of truth for themes
that both LiveView and terminal components can consume.
Color Formats
Colors are stored as hex strings internally. Use conversion functions
to get colors in the format needed:
	to_hex/1 - Returns hex string (for CSS/web)
	to_rgb/1 - Returns {r, g, b} tuple (for terminal)
	to_rgba_map/1 - Returns %{r: r, g: g, b: b, a: 1.0} (for terminal manager)

Usage
# Get a theme
{:ok, theme} = ThemeRegistry.get(:dracula)

# List available themes
ThemeRegistry.list()

# Get color in different formats
ThemeRegistry.get_color(:dracula, :red)           # "#ff5555"
ThemeRegistry.get_color(:dracula, :red, :rgb)     # {255, 85, 85}
ThemeRegistry.get_color(:dracula, :red, :rgba)    # %{r: 255, g: 85, b: 85, a: 1.0}

# Convert entire theme
ThemeRegistry.to_terminal_format(:dracula)
ThemeRegistry.to_liveview_format(:dracula)

      


      
        Summary


  
    Types
  


    
      
        color_format()

      


    


    
      
        hex_color()

      


    


    
      
        rgb_color()

      


    


    
      
        rgba_color()

      


    


    
      
        theme()

      


    


    
      
        theme_name()

      


    





  
    Functions
  


    
      
        convert_color(hex, arg2)

      


        Converts a hex color to the specified format.



    


    
      
        default()

      


        Returns the default theme name.



    


    
      
        get(name)

      


        Gets a theme by name.



    


    
      
        get!(name)

      


        Gets a theme by name, returning nil if not found.



    


    
      
        get_color(theme_name, color_name, format \\ :hex)

      


        Gets a specific color from a theme.



    


    
      
        list()

      


        Lists all available theme names.



    


    
      
        list_with_names()

      


        Lists all themes with their display names.



    


    
      
        to_liveview_format(theme_name)

      


        Converts a theme to LiveView format.



    


    
      
        to_terminal_format(theme_name)

      


        Converts a theme to terminal manager format (RGBA maps).



    





      


      
        Types


        


  
    
      
    
    
      color_format()



        
          
        

    

  


  

      

          @type color_format() :: :hex | :rgb | :rgba


      



  



  
    
      
    
    
      hex_color()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      rgb_color()



        
          
        

    

  


  

      

          @type rgb_color() :: {non_neg_integer(), non_neg_integer(), non_neg_integer()}


      



  



  
    
      
    
    
      rgba_color()



        
          
        

    

  


  

      

          @type rgba_color() :: %{
  r: non_neg_integer(),
  g: non_neg_integer(),
  b: non_neg_integer(),
  a: float()
}


      



  



  
    
      
    
    
      theme()



        
          
        

    

  


  

      

          @type theme() :: %{
  name: theme_name(),
  display_name: String.t(),
  description: String.t(),
  dark_mode: boolean(),
  ui: %{
    background: hex_color(),
    foreground: hex_color(),
    cursor: hex_color(),
    selection: hex_color()
  },
  colors: %{
    black: hex_color(),
    red: hex_color(),
    green: hex_color(),
    yellow: hex_color(),
    blue: hex_color(),
    magenta: hex_color(),
    cyan: hex_color(),
    white: hex_color(),
    bright_black: hex_color(),
    bright_red: hex_color(),
    bright_green: hex_color(),
    bright_yellow: hex_color(),
    bright_blue: hex_color(),
    bright_magenta: hex_color(),
    bright_cyan: hex_color(),
    bright_white: hex_color()
  }
}


      



  



  
    
      
    
    
      theme_name()



        
          
        

    

  


  

      

          @type theme_name() :: atom()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      convert_color(hex, arg2)



        
          
        

    

  


  

      

          @spec convert_color(hex_color() | nil, color_format()) ::
  hex_color() | rgb_color() | rgba_color() | nil


      


Converts a hex color to the specified format.

  



  
    
      
    
    
      default()



        
          
        

    

  


  

      

          @spec default() :: :dracula


      


Returns the default theme name.

  



  
    
      
    
    
      get(name)



        
          
        

    

  


  

      

          @spec get(theme_name()) :: {:ok, theme()} | {:error, :not_found}


      


Gets a theme by name.
Returns {:ok, theme} or {:error, :not_found}.

  



  
    
      
    
    
      get!(name)



        
          
        

    

  


  

      

          @spec get!(theme_name()) :: theme() | nil


      


Gets a theme by name, returning nil if not found.

  



    

  
    
      
    
    
      get_color(theme_name, color_name, format \\ :hex)



        
          
        

    

  


  

      

          @spec get_color(theme_name(), atom(), color_format()) ::
  hex_color() | rgb_color() | rgba_color() | nil


      


Gets a specific color from a theme.
Options
	:hex (default) - Returns hex string
	:rgb - Returns {r, g, b} tuple
	:rgba - Returns %{r: r, g: g, b: b, a: 1.0} map


  



  
    
      
    
    
      list()



        
          
        

    

  


  

      

          @spec list() :: [theme_name()]


      


Lists all available theme names.

  



  
    
      
    
    
      list_with_names()



        
          
        

    

  


  

      

          @spec list_with_names() :: [{theme_name(), String.t()}]


      


Lists all themes with their display names.

  



  
    
      
    
    
      to_liveview_format(theme_name)



        
          
        

    

  


  

      

          @spec to_liveview_format(theme_name()) ::
  %{
    name: atom(),
    background: hex_color(),
    foreground: hex_color(),
    cursor: hex_color(),
    selection: hex_color(),
    colors: map()
  }
  | nil


      


Converts a theme to LiveView format.

  



  
    
      
    
    
      to_terminal_format(theme_name)



        
          
        

    

  


  

      

          @spec to_terminal_format(theme_name()) ::
  %{
    name: String.t(),
    description: String.t(),
    author: String.t(),
    version: String.t(),
    colors: map()
  }
  | nil


      


Converts a theme to terminal manager format (RGBA maps).

  


        

      


  

    
Raxol.Core.TokenBucket 
    



      
ETS-backed token bucket, the shared rate-limiting primitive.
A bucket holds at most :capacity tokens and regains them at :refill_per_second.
take/3 removes tokens and refuses once the bucket cannot cover the cost, so a caller
may burst up to :capacity and then proceeds at the refill rate. This is the algorithm
to reach for when the limit being respected belongs to somebody else, because a
fixed-window counter admits two full windows worth of calls across a window boundary,
which is exactly the burst an upstream penalises.
There is no owning process. All state lives in a public ETS table created by the caller,
so buckets are keyed per upstream origin (or per user, or per action) and two callers
never contend on a single mailbox.
alias Raxol.Core.TokenBucket

table = TokenBucket.new()
limit = [capacity: 30, refill_per_second: 5.0]

case TokenBucket.take(table, "trongrid", limit) do
  {:ok, _remaining} ->
    call_upstream()

  {:error, :rate_limited} ->
    {:error, {:retry_after, TokenBucket.retry_after(table, "trongrid", limit)}}
end
The limit belongs to the caller
:capacity and :refill_per_second are required on every call and are never read from
application environment. One table therefore holds buckets with different limits, which
is the normal case when each key is a different upstream. The consequence is that the
caller owns the limit for a key and must pass the same one consistently; passing a
smaller :capacity later simply clamps that key's stored tokens down to it.
Time
Refill is computed from elapsed monotonic milliseconds, and fractional tokens survive
across calls. Pass :now_ms to supply the clock yourself, which is how the tests stay
deterministic without sleeping. A :now_ms that moves backwards is clamped to zero
elapsed, so it can never drain a bucket.
Concurrency
take/3 is atomic. It reads the bucket, then commits with :ets.select_replace/2,
which only succeeds if nothing changed underneath, and retries on a lost race. Under
concurrent takes against an empty-refill bucket, exactly :capacity calls are admitted.

      


      
        Summary


  
    Types
  


    
      
        key()

      


    


    
      
        table()

      


    





  
    Functions
  


    
      
        new(name \\ :raxol_token_buckets)

      


        Create a bucket table.



    


    
      
        peek(table, key, opts \\ [])

      


        Tokens currently available, refilled for the time elapsed but not consumed.



    


    
      
        reset(table, key)

      


        Forget a bucket, so the next take/3 starts from a full one.



    


    
      
        reset_all(table)

      


        Forget every bucket in the table.



    


    
      
        retry_after(table, key, opts \\ [])

      


        Milliseconds until :cost tokens are available, rounded up.



    


    
      
        take(table, key, opts \\ [])

      


        Take tokens from a bucket, refilling it for the time elapsed first.



    





      


      
        Types


        


  
    
      
    
    
      key()



        
          
        

    

  


  

      

          @type key() :: term()


      



  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          @type table() :: :ets.table()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(name \\ :raxol_token_buckets)



        
          
        

    

  


  

      

          @spec new(atom()) :: :ets.table()


      


Create a bucket table.
The table is public and owned by the calling process, so it lives exactly as long as
that process. Pass the returned reference to take/3 and friends.

  



    

  
    
      
    
    
      peek(table, key, opts \\ [])



        
          
        

    

  


  

      

          @spec peek(table(), key(), keyword()) :: float()


      


Tokens currently available, refilled for the time elapsed but not consumed.
Takes the same options as take/3, except :cost, which is irrelevant to a read.

  



  
    
      
    
    
      reset(table, key)



        
          
        

    

  


  

      

          @spec reset(table(), key()) :: :ok


      


Forget a bucket, so the next take/3 starts from a full one.

  



  
    
      
    
    
      reset_all(table)



        
          
        

    

  


  

      

          @spec reset_all(table()) :: :ok


      


Forget every bucket in the table.

  



    

  
    
      
    
    
      retry_after(table, key, opts \\ [])



        
          
        

    

  


  

      

          @spec retry_after(table(), key(), keyword()) :: non_neg_integer()


      


Milliseconds until :cost tokens are available, rounded up.
Returns 0 when the bucket can already cover the cost, which makes it safe to use as a
Retry-After hint without a branch. Takes the same options as take/3.

  



    

  
    
      
    
    
      take(table, key, opts \\ [])



        
          
        

    

  


  

      

          @spec take(table(), key(), keyword()) :: {:ok, float()} | {:error, :rate_limited}


      


Take tokens from a bucket, refilling it for the time elapsed first.
Returns {:ok, remaining} when the bucket covered the cost, {:error, :rate_limited}
when it did not. A bucket that has never been seen starts full.
Options
	:capacity (required) - burst size, a positive number of tokens
	:refill_per_second (required) - tokens regained per second, a positive number
	:cost - tokens this call consumes, defaults to 1, must not exceed :capacity
	:now_ms - monotonic milliseconds, defaults to System.monotonic_time(:millisecond)


  


        

      


  

    
Raxol.Core.UserPreferences 
    



      
Manages user preferences for the terminal emulator.
Acts as a GenServer holding the preferences state and handles persistence.
Uses Raxol.Core.Utils.Debounce for debounced save operations, avoiding
redundant disk writes when multiple preference changes occur in quick succession.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        default_preferences()

      


        Returns the default preferences map: theme, terminal, accessibility and
keybindings sections.



    


    
      
        get(key_or_path, pid_or_name \\ __MODULE__)

      


    


    
      
        get_all(pid_or_name \\ __MODULE__)

      


    


    
      
        get_theme_id(pid_or_name \\ __MODULE__)

      


        Returns the current theme id as an atom, defaulting to :default if not set or invalid.



    


    
      
        handle_manager_cast(msg, state)

      


        Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.



    


    
      
        reset_to_defaults_for_test!(pid_or_name \\ __MODULE__)

      


    


    
      
        save!(pid_or_name \\ __MODULE__)

      


    


    
      
        set(key_or_path, value, pid_or_name \\ __MODULE__)

      


    


    
      
        set_preferences(preferences, pid_or_name \\ __MODULE__)

      


    


    
      
        start_link(init_opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      default_preferences()



        
          
        

    

  


  

Returns the default preferences map: theme, terminal, accessibility and
keybindings sections.
raxol_core does not depend on raxol_terminal, so the :terminal section is
read from application config, first match wins:
	config :raxol_core, :default_terminal_preferences, value, for a
consumer that wants its own defaults;
	:default_terminal_preferences in the :raxol_terminal application
env, which raxol_terminal ships in its .app file as
{Raxol.Terminal.Config.Defaults, :generate_default_config, []};
	otherwise %{} (raxol_core on its own).

value is a map or an {module, function, args} whose call returns a map.
Anything else, including an MFA whose function is not exported, logs a
warning and yields %{}.

  



    

  
    
      
    
    
      get(key_or_path, pid_or_name \\ __MODULE__)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_all(pid_or_name \\ __MODULE__)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_theme_id(pid_or_name \\ __MODULE__)



        
          
        

    

  


  

Returns the current theme id as an atom, defaulting to :default if not set or invalid.

  



  
    
      
    
    
      handle_manager_cast(msg, state)



        
          
        

    

  


  

Callback implementation for Raxol.Core.Behaviours.BaseManager.handle_manager_cast/2.

  



    

  
    
      
    
    
      reset_to_defaults_for_test!(pid_or_name \\ __MODULE__)



        
          
        

    

  


  


  



    

  
    
      
    
    
      save!(pid_or_name \\ __MODULE__)



        
          
        

    

  


  


  



    

  
    
      
    
    
      set(key_or_path, value, pid_or_name \\ __MODULE__)



        
          
        

    

  


  


  



    

  
    
      
    
    
      set_preferences(preferences, pid_or_name \\ __MODULE__)



        
          
        

    

  


  


  



    

  
    
      
    
    
      start_link(init_opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Raxol.Core.UserPreferences.State 
    



      
Internal state for the UserPreferences GenServer.

      




  

    
Raxol.Core.Utils.Debounce 
    



      
Purely functional debounce utilities for delayed operations.
This module provides a composable way to debounce operations within GenServers
without spreading timer management code throughout the codebase.
Usage in GenServer State
Add a debounce field to your state and use the functions to manage it:
defmodule MyServer do
  use GenServer
  alias Raxol.Core.Utils.Debounce

  defstruct [:data, :debounce]

  def init(_) do
    {:ok, %__MODULE__{data: %{}, debounce: Debounce.new()}}
  end

  def handle_call({:update, value}, _from, state) do
    new_state = %{state | data: value}
    # Schedule save after 1 second, cancels any pending save
    {debounce, _ref} = Debounce.schedule(state.debounce, :save, 1000)
    {:reply, :ok, %{new_state | debounce: debounce}}
  end

  def handle_info({:debounce, :save}, state) do
    do_save(state.data)
    {:noreply, %{state | debounce: Debounce.clear(state.debounce, :save)}}
  end
end
Key Design Decisions
	Purely functional: All functions return new state, no side effects except scheduling
	Composable: Works with any GenServer state structure
	Explicit: Timer refs are tracked, making cancellation reliable
	Idiomatic: Uses pattern matching and tuples, not exceptions


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        cancel(debounce, key)

      


        Cancels a pending debounced operation.



    


    
      
        cancel_all(debounce)

      


        Cancels all pending debounced operations.



    


    
      
        clear(debounce, key)

      


        Clears a debounce entry after it has fired.



    


    
      
        fire_now(debounce, key)

      


        Immediately triggers a pending debounced operation.



    


    
      
        new()

      


        Creates a new debounce state.



    


    
      
        pending?(debounce, key)

      


        Checks if there's a pending operation for the given key.



    


    
      
        pending_keys(debounce)

      


        Returns all pending debounce keys.



    


    
      
        schedule(debounce, key, delay_ms, opts \\ [])

      


        Schedules a debounced operation.



    


    
      
        valid?(debounce, key, id)

      


        Checks if a debounce message is still valid (not stale).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Core.Utils.Debounce{
  ids: %{required(term()) => integer()},
  timers: %{required(term()) => reference()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cancel(debounce, key)



        
          
        

    

  


  

      

          @spec cancel(t(), term()) :: t()


      


Cancels a pending debounced operation.
Returns the updated debounce state.
Examples
debounce = Debounce.cancel(debounce, :save)

  



  
    
      
    
    
      cancel_all(debounce)



        
          
        

    

  


  

      

          @spec cancel_all(t()) :: t()


      


Cancels all pending debounced operations.
Useful in GenServer terminate callbacks.
Examples
def terminate(_reason, state) do
  Debounce.cancel_all(state.debounce)
  :ok
end

  



  
    
      
    
    
      clear(debounce, key)



        
          
        

    

  


  

      

          @spec clear(t(), term()) :: t()


      


Clears a debounce entry after it has fired.
Call this in your handle_info after processing the debounced message.
Examples
def handle_info({:debounce, :save, id}, state) do
  if Debounce.valid?(state.debounce, :save, id) do
    do_save(state.data)
    {:noreply, %{state | debounce: Debounce.clear(state.debounce, :save)}}
  else
    # Stale timer, ignore
    {:noreply, state}
  end
end

  



  
    
      
    
    
      fire_now(debounce, key)



        
          
        

    

  


  

      

          @spec fire_now(t(), term()) :: {:fire, term(), t()} | {:nothing, t()}


      


Immediately triggers a pending debounced operation.
Cancels the timer and returns {:fire, key} if there was a pending operation,
or :nothing if there was no pending operation.
The caller is responsible for executing the operation.
Examples
case Debounce.fire_now(debounce, :save) do
  {:fire, :save, debounce} ->
    do_save(state.data)
    %{state | debounce: debounce}

  {:nothing, debounce} ->
    state
end

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: %Raxol.Core.Utils.Debounce{ids: %{}, timers: %{}}


      


Creates a new debounce state.
Examples
iex> Debounce.new()
%Debounce{timers: %{}, ids: %{}}

  



  
    
      
    
    
      pending?(debounce, key)



        
          
        

    

  


  

      

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


      


Checks if there's a pending operation for the given key.
Examples
if Debounce.pending?(debounce, :save) do
  Logger.debug("Save is pending")
end

  



  
    
      
    
    
      pending_keys(debounce)



        
          
        

    

  


  

      

          @spec pending_keys(t()) :: [term()]


      


Returns all pending debounce keys.
Examples
keys = Debounce.pending_keys(debounce)
# => [:save, :sync]

  



    

  
    
      
    
    
      schedule(debounce, key, delay_ms, opts \\ [])



        
          
        

    

  


  

      

          @spec schedule(t(), term(), non_neg_integer(), keyword()) :: {t(), reference()}


      


Schedules a debounced operation.
Cancels any existing timer for the given key and schedules a new one.
The message sent will be {:debounce, key}.
Returns the updated debounce state and the timer reference.
Examples
# Schedule a save operation after 1 second
{debounce, ref} = Debounce.schedule(debounce, :save, 1000)

# Schedule with custom message (sent as {:debounce, key, data})
{debounce, ref} = Debounce.schedule(debounce, :save, 1000, data: changes)

  



  
    
      
    
    
      valid?(debounce, key, id)



        
          
        

    

  


  

      

          @spec valid?(t(), term(), integer()) :: boolean()


      


Checks if a debounce message is still valid (not stale).
Use this to ignore messages from cancelled timers.
Examples
def handle_info({:debounce, :save, id}, state) do
  if Debounce.valid?(state.debounce, :save, id) do
    do_save(state.data)
  end
  {:noreply, state}
end

  


        

      


  

    
Raxol.Core.Utils.GenServerHelpers 
    



      
Common GenServer patterns and utilities to reduce code duplication.
Provides standardized handlers for common operations like state retrieval,
metrics collection, and configuration management.

      


      
        Summary


  
    Functions
  


    
      
        ensure_started(name, start_fun)

      


        Ensures a named process is running. Starts it via start_fun if not found.



    


    
      
        handle_get_field(field, state)

      


        Standard handler for getting specific state fields.



    


    
      
        handle_get_metrics(state)

      


        Standard handler for getting metrics from state.



    


    
      
        handle_get_state(state)

      


        Standard handler for getting state information.



    


    
      
        handle_get_status(state)

      


        Standard handler for getting status information.



    


    
      
        handle_reset_metrics(state)

      


        Standard handler for resetting metrics.



    


    
      
        handle_update_config(new_config, state)

      


        Standard handler for updating configuration.



    


    
      
        increment_metric(state, metric_name, amount \\ 1)

      


        Utility to increment a metric counter.



    


    
      
        init_default_state(custom_state \\ %{})

      


        Initialize default state with common fields.



    


    
      
        split_server_opts(opts)

      


        Splits a keyword list into GenServer server options and init args.



    


    
      
        update_metric(state, metric_name, value)

      


        Utility to update a metric value.



    





      


      
        Functions


        


  
    
      
    
    
      ensure_started(name, start_fun)



        
          
        

    

  


  

      

          @spec ensure_started(atom(), (-> {:ok, pid()} | {:error, {:already_started, pid()}})) ::
  :ok


      


Ensures a named process is running. Starts it via start_fun if not found.
start_fun is a zero-arity function that starts the process UNLINKED
(GenServer.start/3, Agent.start/2) and registers it under name. It
must return {:ok, pid} or {:error, {:already_started, pid}}.
The process is started unlinked because the first caller is often a
rendering process, a session process or an ExUnit test process. With
start_link, that caller's exit took the singleton, and all of its state,
with it, and a crash in the singleton killed whichever process happened to
call first.
Two callers can both find no process and both run start_fun. The loser
gets {:error, {:already_started, pid}}, which counts as started.
Examples
ensure_started(MyServer, fn ->
  GenServer.start(MyServer, [], name: MyServer)
end)

  



  
    
      
    
    
      handle_get_field(field, state)



        
          
        

    

  


  

Standard handler for getting specific state fields.

  



  
    
      
    
    
      handle_get_metrics(state)



        
          
        

    

  


  

Standard handler for getting metrics from state.

  



  
    
      
    
    
      handle_get_state(state)



        
          
        

    

  


  

Standard handler for getting state information.

  



  
    
      
    
    
      handle_get_status(state)



        
          
        

    

  


  

Standard handler for getting status information.

  



  
    
      
    
    
      handle_reset_metrics(state)



        
          
        

    

  


  

Standard handler for resetting metrics.

  



  
    
      
    
    
      handle_update_config(new_config, state)



        
          
        

    

  


  

Standard handler for updating configuration.

  



    

  
    
      
    
    
      increment_metric(state, metric_name, amount \\ 1)



        
          
        

    

  


  

Utility to increment a metric counter.

  



    

  
    
      
    
    
      init_default_state(custom_state \\ %{})



        
          
        

    

  


  

Initialize default state with common fields.

  



  
    
      
    
    
      split_server_opts(opts)



        
          
        

    

  


  

      

          @spec split_server_opts(keyword() | map() | term()) :: {keyword(), keyword() | term()}


      


Splits a keyword list into GenServer server options and init args.
Server options (:name, :timeout, :debug, :spawn_opt) are
separated from the remaining application-specific options.
Examples
iex> split_server_opts(name: MyServer, timeout: 5000, foo: :bar)
{[name: MyServer, timeout: 5000], [foo: :bar]}

iex> split_server_opts(%{name: MyServer})
{[name: MyServer], []}

  



  
    
      
    
    
      update_metric(state, metric_name, value)



        
          
        

    

  


  

Utility to update a metric value.

  


        

      


  

    
Raxol.Core.Utils.List 
    



      
Shared list and collection utilities.

      


      
        Summary


  
    Functions
  


    
      
        ensure_list(value)

      


        Wraps a non-list value in a list. Returns lists unchanged.



    


    
      
        zip_longest(list1, list2)

      


        Zips two lists, padding the shorter one with nil.



    





      


      
        Functions


        


  
    
      
    
    
      ensure_list(value)



        
          
        

    

  


  

      

          @spec ensure_list(list()) :: list()


          @spec ensure_list(term()) :: [term()]


      


Wraps a non-list value in a list. Returns lists unchanged.
Examples
iex> Raxol.Core.Utils.List.ensure_list([1, 2])
[1, 2]

iex> Raxol.Core.Utils.List.ensure_list(:foo)
[:foo]

  



  
    
      
    
    
      zip_longest(list1, list2)



        
          
        

    

  


  

      

          @spec zip_longest(list(), list()) :: [{term(), term()}]


      


Zips two lists, padding the shorter one with nil.
Unlike Enum.zip/2, this does not truncate to the shorter list.
Examples
iex> Raxol.Core.Utils.List.zip_longest([1, 2, 3], [:a, :b])
[{1, :a}, {2, :b}, {3, nil}]

iex> Raxol.Core.Utils.List.zip_longest([1], [2, 3])
[{1, 2}, {nil, 3}]

  


        

      


  

    
Raxol.Core.Utils.Math 
    



      
Shared numeric utilities.

      


      
        Summary


  
    Functions
  


    
      
        clamp(value, lo, hi)

      


        Clamps value to the range [lo, hi].



    


    
      
        scroll_into_view(index, scroll_offset, visible_count)

      


        Computes the scroll offset needed to keep index visible in a viewport
of visible_count items starting at scroll_offset.



    





      


      
        Functions


        


  
    
      
    
    
      clamp(value, lo, hi)



        
          
        

    

  


  

      

          @spec clamp(number(), number(), number()) :: number()


      


Clamps value to the range [lo, hi].
Examples
iex> Raxol.Core.Utils.Math.clamp(5, 0, 10)
5

iex> Raxol.Core.Utils.Math.clamp(-1, 0, 10)
0

iex> Raxol.Core.Utils.Math.clamp(15, 0, 10)
10

  



  
    
      
    
    
      scroll_into_view(index, scroll_offset, visible_count)



        
          
        

    

  


  

      

          @spec scroll_into_view(integer(), integer(), pos_integer()) :: integer()


      


Computes the scroll offset needed to keep index visible in a viewport
of visible_count items starting at scroll_offset.
Returns the (possibly adjusted) scroll offset.
Examples
iex> Raxol.Core.Utils.Math.scroll_into_view(5, 0, 10)
0

iex> Raxol.Core.Utils.Math.scroll_into_view(12, 0, 10)
3

iex> Raxol.Core.Utils.Math.scroll_into_view(2, 5, 10)
2

  


        

      


  

    
Raxol.Core.Utils.TimerManager 
    



      
Centralized timer management utilities for consistent timer handling across the codebase.
This module provides a unified interface for working with timers, including:
	Periodic timers (intervals)
	One-time delayed timers
	Timer cancellation
	Timer reference tracking

All timer intervals are in milliseconds.

      


      
        Summary


  
    Types
  


    
      
        timer_msg()

      


    


    
      
        timer_ref()

      


    


    
      
        timer_type()

      


    





  
    Functions
  


    
      
        add_jitter(interval_ms, jitter_factor \\ 0.1)

      


        Adds jitter to a timer interval to prevent thundering herd.



    


    
      
        add_timer(timers, name, atom, interval_ms)

      


        Manages multiple timers in a map, useful for GenServer state.



    


    
      
        cancel_all_timers(timers)

      


        Cancels all timers in a map, useful for GenServer terminate.



    


    
      
        cancel_timer(ref)

      


        Cancels a timer and returns whether it was successfully cancelled.



    


    
      
        exponential_backoff(attempt, base_ms, max_ms)

      


        Calculates next timer interval for exponential backoff.



    


    
      
        intervals()

      


        Common timer intervals as constants for consistency.



    


    
      
        remove_timer(timers, name)

      


    


    
      
        safe_cancel(ref)

      


        Safely cancels a timer if it exists, ignoring errors.



    


    
      
        send_after(message, delay_ms)

      


        Starts a one-time delayed timer that sends a message after a delay.



    


    
      
        start_interval(message, interval_ms)

      


        Starts a periodic timer that sends a message at regular intervals.



    





      


      
        Types


        


  
    
      
    
    
      timer_msg()



        
          
        

    

  


  

      

          @type timer_msg() :: atom() | tuple()


      



  



  
    
      
    
    
      timer_ref()



        
          
        

    

  


  

      

          @type timer_ref() :: reference() | {atom(), reference()} | nil


      



  



  
    
      
    
    
      timer_type()



        
          
        

    

  


  

      

          @type timer_type() :: :interval | :once


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      add_jitter(interval_ms, jitter_factor \\ 0.1)



        
          
        

    

  


  

Adds jitter to a timer interval to prevent thundering herd.
Examples
# Add +/- 10% jitter to 5 second interval
interval = TimerManager.add_jitter(5000, 0.1)

  



  
    
      
    
    
      add_timer(timers, name, atom, interval_ms)



        
          
        

    

  


  

Manages multiple timers in a map, useful for GenServer state.
Examples
# Start a new timer in the timers map
timers = TimerManager.add_timer(state.timers, :heartbeat, :interval, 5000)

# Cancel and remove a timer
timers = TimerManager.remove_timer(state.timers, :heartbeat)

  



  
    
      
    
    
      cancel_all_timers(timers)



        
          
        

    

  


  

Cancels all timers in a map, useful for GenServer terminate.
Examples
TimerManager.cancel_all_timers(state.timers)

  



  
    
      
    
    
      cancel_timer(ref)



        
          
        

    

  


  

Cancels a timer and returns whether it was successfully cancelled.
Examples
{:ok, cancelled} = TimerManager.cancel_timer(timer_ref)

  



  
    
      
    
    
      exponential_backoff(attempt, base_ms, max_ms)



        
          
        

    

  


  

Calculates next timer interval for exponential backoff.
Examples
# First retry after 1 second, then 2, 4, 8, up to max 30 seconds
delay = TimerManager.exponential_backoff(attempt, 1000, 30_000)

  



  
    
      
    
    
      intervals()



        
          
        

    

  


  

Common timer intervals as constants for consistency.

  



  
    
      
    
    
      remove_timer(timers, name)



        
          
        

    

  


  


  



  
    
      
    
    
      safe_cancel(ref)



        
          
        

    

  


  

Safely cancels a timer if it exists, ignoring errors.
Examples
TimerManager.safe_cancel(timer_ref)

  



  
    
      
    
    
      send_after(message, delay_ms)



        
          
        

    

  


  

Starts a one-time delayed timer that sends a message after a delay.
Examples
# Send :timeout message after 30 seconds
ref = TimerManager.send_after(:timeout, 30_000)

# Send {:retry, attempt_num} after 1 second
ref = TimerManager.send_after({:retry, 1}, 1000)

  



  
    
      
    
    
      start_interval(message, interval_ms)



        
          
        

    

  


  

Starts a periodic timer that sends a message at regular intervals.
Examples
# Send :cleanup message every hour
{:ok, ref} = TimerManager.start_interval(:cleanup, 3_600_000)

# Send {:check_status, :database} every 5 seconds
{:ok, ref} = TimerManager.start_interval({:check_status, :database}, 5000)

  


        

      


  

    
Raxol.Core.Utils.TimerUtils 
    



      
Consolidated timer utilities for standardized timer management across Raxol.
Provides a unified interface for common timer patterns:
	Periodic timers (cleanup, health checks, optimization)
	Delayed execution timers
	Debounced timers
	Timer cancellation and management

This consolidates the 84+ timer patterns found across the codebase.

      


      
        Summary


  
    Types
  


    
      
        timer_opts()

      


    


    
      
        timer_ref()

      


    


    
      
        timer_type()

      


    





  
    Functions
  


    
      
        cancel_all_timers(arg1)

      


        Cancels all timers in a state's timers map.



    


    
      
        cancel_timer(timer_ref)

      


        Cancels a timer if it exists and is valid.



    


    
      
        debounce_timer(state, key, pid, message, delay)

      


        Creates a debounced timer that cancels the previous timer of the same key.
Useful for file watching, input handling, etc.



    


    
      
        get_interval(name)

      


        Gets a standard interval by name.



    


    
      
        intervals()

      


        Standard timer intervals used across the application.



    


    
      
        restart_timer(old_timer, pid, message, delay)

      


        Cancels an existing timer and starts a new one (common pattern for debouncing).



    


    
      
        start_delayed(pid, message, delay)

      


        Starts a delayed timer that sends a message after a specified delay.



    


    
      
        start_periodic(pid, message, interval)

      


        Starts a periodic timer that sends messages at regular intervals.



    


    
      
        start_periodic_with_state(state, timer_key, pid, message, interval_name)

      


        Helper for common periodic timer patterns with state management.



    





      


      
        Types


        


  
    
      
    
    
      timer_opts()



        
          
        

    

  


  

      

          @type timer_opts() :: [interval: pos_integer(), message: term(), debounce_key: term()]


      



  



  
    
      
    
    
      timer_ref()



        
          
        

    

  


  

      

          @type timer_ref() :: reference() | nil


      



  



  
    
      
    
    
      timer_type()



        
          
        

    

  


  

      

          @type timer_type() :: :periodic | :delayed | :debounced


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cancel_all_timers(arg1)



        
          
        

    

  


  

Cancels all timers in a state's timers map.
Examples
# In terminate/2 callback
TimerUtils.cancel_all_timers(state)

  



  
    
      
    
    
      cancel_timer(timer_ref)



        
          
        

    

  


  

Cancels a timer if it exists and is valid.
Examples
timer_ref = TimerUtils.start_delayed(self(), :cleanup, 5000)
:ok = TimerUtils.cancel_timer(timer_ref)

  



  
    
      
    
    
      debounce_timer(state, key, pid, message, delay)



        
          
        

    

  


  

Creates a debounced timer that cancels the previous timer of the same key.
Useful for file watching, input handling, etc.
State should have a timers map: %{timers: %{}}
Examples
# In GenServer state
new_state = TimerUtils.debounce_timer(
  state,
  :file_reload,
  self(),
  {:reload_file, path},
  1000
)

  



  
    
      
    
    
      get_interval(name)



        
          
        

    

  


  

Gets a standard interval by name.
Examples
interval = TimerUtils.get_interval(:health_check)  # 30_000
timer_ref = TimerUtils.start_periodic(self(), :health_check, interval)

  



  
    
      
    
    
      intervals()



        
          
        

    

  


  

Standard timer intervals used across the application.

  



  
    
      
    
    
      restart_timer(old_timer, pid, message, delay)



        
          
        

    

  


  

Cancels an existing timer and starts a new one (common pattern for debouncing).
Examples
# Debounced file reload - cancel previous and start new
timer_ref = TimerUtils.restart_timer(old_timer, self(), {:reload_file, path}, 1000)

  



  
    
      
    
    
      start_delayed(pid, message, delay)



        
          
        

    

  


  

Starts a delayed timer that sends a message after a specified delay.
Examples
# Cleanup after 60 seconds
timer_ref = TimerUtils.start_delayed(self(), :cleanup_timer, 60_000)

# Flush data after 1 second
timer_ref = TimerUtils.start_delayed(self(), :flush, 1_000)

  



  
    
      
    
    
      start_periodic(pid, message, interval)



        
          
        

    

  


  

Starts a periodic timer that sends messages at regular intervals.
Examples
# Health check every 30 seconds
timer_ref = TimerUtils.start_periodic(self(), :perform_health_check, 30_000)

# Performance monitoring every 5 seconds
timer_ref = TimerUtils.start_periodic(self(), :monitor_performance, 5_000)

  



  
    
      
    
    
      start_periodic_with_state(state, timer_key, pid, message, interval_name)



        
          
        

    

  


  

Helper for common periodic timer patterns with state management.
Examples
# Start health check timer and update state
new_state = TimerUtils.start_periodic_with_state(
  state,
  :health_timer,
  self(),
  :perform_health_check,
  :health_check
)

  


        

      


  

    
Raxol.Core.Utils.Validation 
    



      
Common validation utilities to reduce code duplication across the codebase.
Provides standardized validation functions for dimensions, configs, and common patterns.

      


      
        Summary


  
    Types
  


    
      
        terminal_size_ceiling()

      


        A terminal size ceiling: largest width, height and width * height.



    





  
    Functions
  


    
      
        clamp_terminal_size(width, height, map \\ Defaults.terminal_size_ceiling())

      


        Clamps a terminal size to a ceiling, by default the local one,
Raxol.Core.Defaults.terminal_size_ceiling/0. Network surfaces pass
Raxol.Core.Defaults.remote_terminal_size_ceiling/0 (or their own).



    


    
      
        validate_bounds(value, min, max)

      


        Validates that a value is within specified bounds.



    


    
      
        validate_config(config, required_keys)

      


        Validates a configuration map against required keys.



    


    
      
        validate_coordinates(x, y)

      


        Validates that coordinates are valid non-negative integers.



    


    
      
        validate_dimension(dimension, default)

      


        Validates that a dimension is a positive integer, returning default if invalid.



    


    
      
        validate_enum(value, allowed)

      


        Validates that a value is one of the allowed options.



    


    
      
        validate_list_types(list, type)

      


        Validates that a list contains only specific types.



    


    
      
        validate_string(str, pattern \\ nil)

      


        Validates that a string is not empty and optionally matches a pattern.



    


    
      
        validate_terminal_size(width, height, ceiling \\ Defaults.terminal_size_ceiling())

      


        Checks a terminal size against the ceiling clamp_terminal_size/3 applies,
by default the local one.



    





      


      
        Types


        


  
    
      
    
    
      terminal_size_ceiling()



        
          
        

    

  


  

      

          @type terminal_size_ceiling() :: %{
  width: pos_integer(),
  height: pos_integer(),
  cells: pos_integer()
}


      


A terminal size ceiling: largest width, height and width * height.

  


        

      

      
        Functions


        


    

  
    
      
    
    
      clamp_terminal_size(width, height, map \\ Defaults.terminal_size_ceiling())



        
          
        

    

  


  

      

          @spec clamp_terminal_size(term(), term(), terminal_size_ceiling()) :: {term(), term()}


      


Clamps a terminal size to a ceiling, by default the local one,
Raxol.Core.Defaults.terminal_size_ceiling/0. Network surfaces pass
Raxol.Core.Defaults.remote_terminal_size_ceiling/0 (or their own).
The width is capped at the ceiling's :width, then the height at its
:height and at as many rows as its :cells allows at that width, so
width * height never exceeds the cell ceiling. Only the upper bound is
applied: a size already within the ceiling, and a non-positive or
non-integer value, comes back unchanged.
iex> Raxol.Core.Utils.Validation.clamp_terminal_size(120, 40)
{120, 40}

iex> Raxol.Core.Utils.Validation.clamp_terminal_size(100_000, 100_000)
{4096, 256}

iex> Raxol.Core.Utils.Validation.clamp_terminal_size(
...>   100_000,
...>   100_000,
...>   Raxol.Core.Defaults.remote_terminal_size_ceiling()
...> )
{512, 256}

  



  
    
      
    
    
      validate_bounds(value, min, max)



        
          
        

    

  


  

      

          @spec validate_bounds(number(), number(), number()) ::
  {:ok, number()} | {:error, :out_of_bounds}


      


Validates that a value is within specified bounds.

  



  
    
      
    
    
      validate_config(config, required_keys)



        
          
        

    

  


  

      

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


      


Validates a configuration map against required keys.

  



  
    
      
    
    
      validate_coordinates(x, y)



        
          
        

    

  


  

      

          @spec validate_coordinates(integer(), integer()) ::
  {:ok, {non_neg_integer(), non_neg_integer()}} | {:error, :invalid_coordinates}


      


Validates that coordinates are valid non-negative integers.

  



  
    
      
    
    
      validate_dimension(dimension, default)



        
          
        

    

  


  

      

          @spec validate_dimension(integer(), non_neg_integer()) :: non_neg_integer()


      


Validates that a dimension is a positive integer, returning default if invalid.
It sets no upper bound; a terminal width or height goes through
clamp_terminal_size/2 or validate_terminal_size/2 as well.

  



  
    
      
    
    
      validate_enum(value, allowed)



        
          
        

    

  


  

      

          @spec validate_enum(any(), list()) :: {:ok, any()} | {:error, :invalid_option}


      


Validates that a value is one of the allowed options.

  



  
    
      
    
    
      validate_list_types(list, type)



        
          
        

    

  


  

      

          @spec validate_list_types(list(), atom()) :: {:ok, list()} | {:error, :invalid_types}


      


Validates that a list contains only specific types.

  



    

  
    
      
    
    
      validate_string(str, pattern \\ nil)



        
          
        

    

  


  

      

          @spec validate_string(binary(), Regex.t() | nil) ::
  {:ok, binary()} | {:error, :invalid_string}


      


Validates that a string is not empty and optionally matches a pattern.

  



    

  
    
      
    
    
      validate_terminal_size(width, height, ceiling \\ Defaults.terminal_size_ceiling())



        
          
        

    

  


  

      

          @spec validate_terminal_size(term(), term(), terminal_size_ceiling()) ::
  :ok | {:error, :invalid_dimensions | :dimensions_too_large}


      


Checks a terminal size against the ceiling clamp_terminal_size/3 applies,
by default the local one.
Returns {:error, :invalid_dimensions} unless both are positive integers,
and {:error, :dimensions_too_large} when either axis, or
width * height, is past the ceiling.

  


        

      


  

    
Raxol.Test.CrossTerminal.SequenceScanner 
    



      
Minimal ANSI sequence linter. Scans a raw output byte stream, extracts
escape sequences, classifies them, and checks them against a terminal
capability profile.
Purpose: assert that what Raxol emits stays within what a target
terminal can interpret — without needing the terminal.
It lives in raxol_core's lib rather than a test/support directory
because the suites that need it span separate Mix projects (the root app
and raxol_agent), and a dependency's test/support is not on the
dependent's compile path. One compiled module beats a relative
Code.require_file/2 reaching across the monorepo, or a second copy.

      


      
        Summary


  
    Types
  


    
      
        token()

      


    





  
    Functions
  


    
      
        capability(arg1)

      


        Classifies a token into a capability requirement, or :basic when any
VT100-era terminal handles it.



    


    
      
        profiles()

      


        Known capability profiles.



    


    
      
        scan(bytes)

      


        Tokenizes a binary into text runs and escape sequences.



    


    
      
        violations(bytes, profile)

      


        Returns the list of {token, capability} violations: sequences in the
stream that the given profile's terminal cannot interpret.



    





      


      
        Types


        


  
    
      
    
    
      token()



        
          
        

    

  


  

      

          @type token() ::
  {:csi, params :: String.t(), final :: String.t()}
  | {:osc, String.t()}
  | {:dcs, String.t()}
  | {:esc, String.t()}
  | {:text, String.t()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      capability(arg1)



        
          
        

    

  


  

Classifies a token into a capability requirement, or :basic when any
VT100-era terminal handles it.

  



  
    
      
    
    
      profiles()



        
          
        

    

  


  

Known capability profiles.

  



  
    
      
    
    
      scan(bytes)



        
          
        

    

  


  

      

          @spec scan(binary()) :: [token()]


      


Tokenizes a binary into text runs and escape sequences.

  



  
    
      
    
    
      violations(bytes, profile)



        
          
        

    

  


  

Returns the list of {token, capability} violations: sequences in the
stream that the given profile's terminal cannot interpret.

  


        

      


  

    
RaxolCore 
    



      
Core behaviours, utilities, events, config, accessibility, and plugin
infrastructure for Raxol.
This package contains leaf modules with zero external runtime dependencies.
GenServers defined here are started by the parent application's supervision
tree, not auto-started.
Modules
	Raxol.Core.Behaviours.* - BaseManager, BaseRegistry, BaseServer, etc.
	Raxol.Core.Runtime.Log - Centralized logging
	Raxol.Core.Utils.* - Debounce, validation, timer utilities
	Raxol.Core.Events.* - Event system (manager, subscriptions, telemetry)
	Raxol.Core.Config.* - Configuration management
	Raxol.Core.Accessibility.* - Screen reader, focus, announcements
	Raxol.Core.Runtime.Plugins.* - Plugin lifecycle, registry, security


      


      
        Summary


  
    Functions
  


    
      
        version()

      


        Returns the version of RaxolCore.



    





      


      
        Functions


        


  
    
      
    
    
      version()



        
          
        

    

  


  

Returns the version of RaxolCore.
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