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Orchid 
    



      
The core entry point for the Orchid workflow engine.
This module provides the primary interface (run/3) to execute defined Recipes.
It is designed to be a flexible and extensible framework for task orchestration.

      


      
        Summary


  
    Functions
  


    
      
        run(recipe_or_steps, input_params, opts \\ [])

      


        Executes a workflow Recipe.



    


    
      
        run_with_ctx(steps, input_params, workflow_ctx)

      


        Run with explicit WorkflowContext struct.



    





      


      
        Functions


        


    

  
    
      
    
    
      run(recipe_or_steps, input_params, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  Orchid.Recipe.t() | [Orchid.Step.t()],
  Orchid.Scheduler.initial_params(),
  keyword()
) ::
  Orchid.Operon.Response.payload() | Orchid.Operon.Response.t()


      


Executes a workflow Recipe.
It initializes the pipeline, injects any configured middleware (Operons), and
starts the execution process.
Options
	:return_response - (boolean) If true, returns the full Orchid.Operon.Response struct
(which includes assigns and metadata) instead of just the result payload. Defaults to false.
	:operons_stack - (list) A list of additional middleware modules (Recipe-level hooks)
to run before the execution phase. They are executed in the order provided.
	:global_hooks_stack - (list)
	:executor_and_opts - (tuple) Executor module and its options.
	:core_hook - (module) A Module for execute step.
	:baggage - (enumerable) Custom options used by user/custome operons/hooks/etc.

Examples
# Normal execution returning {:ok, results}
Orchid.run(my_recipe, initial_params)

# Execution returning the full Response struct
Orchid.run(my_recipe, initial_params, return_response: true)

  



  
    
      
    
    
      run_with_ctx(steps, input_params, workflow_ctx)



        
          
        

    

  


  

      

          @spec run_with_ctx(
  Orchid.Recipe.t() | [Orchid.Step.t()],
  Orchid.Scheduler.initial_params(),
  Orchid.WorkflowCtx.t()
) :: Orchid.Operon.Response.payload() | Orchid.Operon.Response.t()


      


Run with explicit WorkflowContext struct.

  


        

      


  

    
Orchid.Repo.ContentAddressable behaviour
    



      
Optional behaviour for adapters that can answer cheap existence
queries without deserialising the stored value.
Used by cache-hit verification in OrchidStratum's BypassHook.
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        exists?(store, key)
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      exists?(store, key)



        
          
        

    

  


  

      

          @callback exists?(store :: Orchid.Repo.store_ref(), Orchid.Repo.key()) :: boolean()


      



  


        

      


  

    
Orchid.Repo.Deletable behaviour
    



      
Optional behaviour for adapters that support point deletion.
Content-addressable blob stores may intentionally omit this;
meta/index stores typically implement it.
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        delete(store, key)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      delete(store, key)



        
          
        

    

  


  

      

          @callback delete(store :: Orchid.Repo.store_ref(), Orchid.Repo.key()) :: :ok


      



  


        

      


  

    
Orchid.Repo.GC behaviour
    



      
Optional behaviour for adapters that support garbage collection
(TTL expiry, LRU eviction, capacity-based pruning, etc.).
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        garbage_collect(store, opts)
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      garbage_collect(store, opts)



        
          
        

    

  


  

      

          @callback garbage_collect(store :: Orchid.Repo.store_ref(), opts :: keyword()) :: :ok


      



  


        

      


  

    
Orchid.Repo.Transferable behaviour
    



      
Optional behaviour for bulk export / import of store contents.
Safety note: adapters must implement validate/1 and callers
must call it before import/2 when the serialized payload
crosses a trust boundary.
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        scope()

      


    


    
      
        serialized()

      


    





  
    Callbacks
  


    
      
        export(store, scope, opts)

      


    


    
      
        import store, serialized

      


    


    
      
        validate(serialized)
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      scope()



        
          
        

    

  


  

      

          @type scope() :: :all | {:keys, [Orchid.Repo.key()]} | {:condition, term()}


      



  



  
    
      
    
    
      serialized()



        
          
        

    

  


  

      

          @type serialized() :: binary()
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      export(store, scope, opts)



        
          
        

    

  


  

      

          @callback export(store :: Orchid.Repo.store_ref(), scope(), opts :: keyword()) ::
  {:ok, serialized()} | {:error, term()}


      



  



  
    
      
    
    
      import store, serialized



        
          
        

    

  


  

      

          @callback import(store :: Orchid.Repo.store_ref(), serialized()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      validate(serialized)



        
          
        

    

  


  

      

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


      



  


        

      


  

    
Orchid.Param 
    



      
The standard unit of data exchange.
Every step receives and returns Param structs (or lists/tuples of them).
It carries the payload and metadata.
The purpose of this module is to abstract parameter handling and define a consistent
interface for data exchange. This standardization allows developers using Orchid
to focus on their business logic rather than the details of data flow management.
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        name()

      


    


    
      
        param_type()

      


    


    
      
        payload()

      


    


    
      
        raw_payload()

      


    


    
      
        ref_payload()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        get_payload(param)

      


    


    
      
        new(name, type, payload \\ nil, metadata \\ %{})

      


    


    
      
        set_payload(param, new_payload)

      


    





      


      
        Types


        


  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: term()


      



  



  
    
      
    
    
      param_type()



        
          
        

    

  


  

      

          @type param_type() :: atom() | module()


      



  



  
    
      
    
    
      payload()



        
          
        

    

  


  

      

          @type payload() :: raw_payload() | ref_payload()


      



  



  
    
      
    
    
      raw_payload()



        
          
        

    

  


  

      

          @type raw_payload() :: any() | nil


      



  



  
    
      
    
    
      ref_payload()



        
          
        

    

  


  

      

          @type ref_payload() :: {:ref, {module(), ref :: term()}, term()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Orchid.Param{
  metadata: map(),
  name: name(),
  payload: payload(),
  type: param_type()
}
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      get_payload(param)



        
          
        

    

  


  

      

          @spec get_payload(t()) :: payload()


      



  



    

    

  
    
      
    
    
      new(name, type, payload \\ nil, metadata \\ %{})



        
          
        

    

  


  

      

          @spec new(name(), param_type(), payload(), %{}) :: t()


      



  



  
    
      
    
    
      set_payload(param, new_payload)



        
          
        

    

  


  

      

          @spec set_payload(t(), payload()) :: t()


      



  


        

      


  

    
Orchid.Repo behaviour
    



      
Behaviour for pluggable key-value storage adapters.
Provides the minimal contract shared by every store used in the Orchid
ecosystem: write a value, read it back.  Domain-specific extensions
(existence checks, deletion, garbage collection, bulk export) are
defined as separate optional behaviours under Orchid.Repo.*.
Store Reference
Every callback receives an opaque store_ref as its first argument.
The concrete type is determined by the adapter (an ETS tid, a map of
connection options, a PID, etc.).  Callers obtain the reference from
the adapter's own init/1 or equivalent.
Composition with Extension Behaviours
Adapters declare the capabilities they support:
defmodule MyApp.BlobStore do
  @behaviour Orchid.Repo
  @behaviour Orchid.Repo.ContentAddressable
  # implements get/2, put/3, exists?/2
end

defmodule MyApp.MetaStore do
  @behaviour Orchid.Repo
  @behaviour Orchid.Repo.Deletable
  @behaviour Orchid.Repo.GC
  # implements get/2, put/3, delete/2, garbage_collect/2
end
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        key()

      


    


    
      
        store_ref()

      


    


    
      
        value()

      


    





  
    Callbacks
  


    
      
        get(store, key)

      


        Retrieves the value associated with key.



    


    
      
        put(store, key, value)

      


        Persists value under key. Must be idempotent.



    





  
    Functions
  


    
      
        dispatch_store(arg, fun, args)

      


        Resolves a {Module, instance} store configuration tuple and dispatches
the given function call, prepending the instance as the first argument.
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      key()



        
          
        

    

  


  

      

          @type key() :: binary()


      



  



  
    
      
    
    
      store_ref()



        
          
        

    

  


  

      

          @type store_ref() :: term()


      



  



  
    
      
    
    
      value()



        
          
        

    

  


  

      

          @type value() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      get(store, key)



        
          
        

    

  


  

      

          @callback get(store :: store_ref(), key()) :: {:ok, value()} | :miss


      


Retrieves the value associated with key.
Returns {:ok, value} on a hit, or :miss if no entry exists.

  



  
    
      
    
    
      put(store, key, value)



        
          
        

    

  


  

      

          @callback put(store :: store_ref(), key(), value()) :: :ok


      


Persists value under key. Must be idempotent.

  


        

      

      
        Functions


        


  
    
      
    
    
      dispatch_store(arg, fun, args)



        
          
        

    

  


  

Resolves a {Module, instance} store configuration tuple and dispatches
the given function call, prepending the instance as the first argument.

  


        

      


  

    
Orchid.Recipe 
    



      
Defines a processing workflow (Recipe).
A Recipe is essentially a collection of Orchid.Steps that describes a
Directed Acyclic Graph (DAG) of data processing.
It holds the definition of what needs to be done, but not the execution state.
Example
steps = [
  {MySteps.Download, :url, :raw_html},
  {MySteps.Parse, :raw_html, :data}
]

recipe = Orchid.Recipe.new(steps, name: :scraper_flow)
Options
	:name - The name of the recipe (atom).


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        assign_options(recipe, selector, new_opts)

      


        Injects options into steps globally (supports deep traversal).



    


    
      
        new(steps, opts \\ [])

      


        Creates a new Recipe.



    


    
      
        validate_steps(steps, initial_keys)

      


        Statically validates the steps within a recipe.



    


    
      
        walk(steps, func, mode \\ :step)

      


        Performs a deep traversal on a list of steps.
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      t()



        
          
        

    

  


  

      

          @type t() :: %Orchid.Recipe{
  name: atom() | nil,
  opts: keyword(),
  steps: [Orchid.Step.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      assign_options(recipe, selector, new_opts)



        
          
        

    

  


  

      

          @spec assign_options(
  t(),
  Orchid.Step.implementation() | (Orchid.Step.t() -> boolean()) | :all,
  keyword() | %{} | (Orchid.Step.t() -> Orchid.Step.t())
) :: t()


      


Injects options into steps globally (supports deep traversal).
This function allows you to modify the configuration of specific steps
within a recipe, including steps inside nested recipes.
Selectors
The selector determines which steps will receive the new_opts:
	:all - Matches every step.
	module (atom) - Matches steps implemented by this specific module.
	function (arity 2) - Matches steps implemented by this specific function reference.
	predicate function (fn step -> boolean()) - A custom function that receives the step and returns true if it should be modified.


  



    

  
    
      
    
    
      new(steps, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  [Orchid.Step.t()],
  keyword()
) :: t()


      


Creates a new Recipe.
Arguments
	steps - A list of Orchid.Step definitions.
	opts - Keyword options (e.g., name: :my_recipe).


  



  
    
      
    
    
      validate_steps(steps, initial_keys)



        
          
        

    

  


  

      

          @spec validate_steps([Orchid.Step.t()], [Orchid.Step.io_key()]) ::
  :ok | {:error, term()}


      


Statically validates the steps within a recipe.
It performs the following checks:
	Option Validation: Calls Step.validate_options/1 for each step.
	Missing Inputs: Checks if all steps have their required input keys satisfied (either by initial params or previous steps).
	Cyclic Dependencies: Checks if the graph contains any cycles.


  



    

  
    
      
    
    
      walk(steps, func, mode \\ :step)



        
          
        

    

  


  

      

          @spec walk(
  [Orchid.Step.t()] | [{Orchid.Step.t(), non_neg_integer()}],
  (Orchid.Step.t() -> Orchid.Step.t()) | (t() -> t()),
  :step | :inner_recipe
) :: [Orchid.Step.t()]


      


Performs a deep traversal on a list of steps.
This function applies func to every step in the tree. If a step is a NestedStep
or its contains an inner recipe(with NestedStep.nested_check/1 returned true),
it recursively traverses the inner steps as well.
It supports both standard step lists and indexed step lists (used by Orchid.Scheduler).
Modes
	:step (Default) - The func receives and modifies the Step definition.
	:inner_recipe - The func receives and modifies the Inner Recipe struct of a nested step.


  


        

      


  

    
Orchid.Step behaviour
    



      
Defines the behavior and specification for a workflow step.
A Step is the atomic unit of work in Orchid. It is responsible for receiving
data (wrapped in Orchid.Param), performing a specific task, and returning
new data.
It focuses solely on processing logic, unaware of the larger workflow context.
Usage
To define a step, use Orchid.Step and implement the run/2 callback:
defmodule MySteps.Upcase do
  use Orchid.Step
  alias Orchid.Param

  @impl true
  def run(input_param, _opts) do
    payload = Param.get_payload(input_param)

    result =
      Param.new(:result, :string)
      |> Param.set_payload(String.upcase(payload))

    {:ok, result}
  end
end
Input Pattern Matching
The structure of the input argument in run/2 depends on how you define
the input keys in your Recipe:
	Single Key: If input is :my_data, run/2 receives a single %Param{}.
	List of Keys: If input is [:a, :b], run/2 receives a list [%Param{}, %Param{}].
	Tuple of Keys: If input is {:a, :b}, run/2 receives a tuple {%Param{}, %Param{}}.

Step Options
Options can be passed when defining the step in a recipe or injected dynamically.
Reserved options include:
	:extra_hooks_stack - A list of additional hooks to run for this specific step.
	:__reporter_ctx__ - A map contains telemetry meta used by report/3 to send progress updates.
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        implementation()

      


        The implementation of a step.



    


    
      
        input()

      


    


    
      
        input_keys()

      


    


    
      
        io_key()

      


    


    
      
        output()

      


    


    
      
        output_keys()

      


    


    
      
        step_options()

      


        Options passed to the step execution context.



    


    
      
        step_schema()

      


        The schema definition of a step within a recipe.
Format: {Implementation, InputKeys, OutputKeys}.



    


    
      
        step_with_options()

      


        A fully qualified step definition including options.
Format: {Implementation, InputKeys, OutputKeys, Options}.



    


    
      
        t()

      


    





  
    Callbacks
  


    
      
        nested?()

      


        Determines if this step contains an inner recipe (Nested Step).



    


    
      
        run(input, step_options)

      


        Executes the step logic.



    


    
      
        validate_options(step_options)

      


        Validates the options passed to the step before execution.



    





  
    Functions
  


    
      
        ensure_full_step(arg)

      


        Normalizes a step structure into the full 4-element tuple format.



    


    
      
        extract_schema(arg)

      


        Extracts the basic schema {Impl, Input, Output} from a step definition.



    


    
      
        inject_options(step, options)

      


        Injects or merges options into a step definition.



    


    
      
        report(opts, progress, payload \\ nil)

      


        Reports progress or status to the executor.



    





      


      
        Types


        


  
    
      
    
    
      implementation()



        
          
        

    

  


  

      

          @type implementation() :: module() | function() | nil


      


The implementation of a step.
	module(): A module that implements the Orchid.Step behavior.
	function(): A function fn input, opts -> {:ok, params} | {:error, term} end.



  



  
    
      
    
    
      input()



        
          
        

    

  


  

      

          @type input() :: tuple() | Orchid.Param.t() | [Orchid.Param.t()]


      



  



  
    
      
    
    
      input_keys()



        
          
        

    

  


  

      

          @type input_keys() :: io_key()


      



  



  
    
      
    
    
      io_key()



        
          
        

    

  


  

      

          @type io_key() ::
  atom()
  | binary()
  | [atom()]
  | [binary()]
  | tuple()
  | MapSet.t(atom())
  | MapSet.t(binary())


      



  



  
    
      
    
    
      output()



        
          
        

    

  


  

      

          @type output() :: tuple() | Orchid.Param.t() | [Orchid.Param.t()]


      



  



  
    
      
    
    
      output_keys()



        
          
        

    

  


  

      

          @type output_keys() :: io_key()


      



  



  
    
      
    
    
      step_options()



        
          
        

    

  


  

      

          @type step_options() :: keyword()


      


Options passed to the step execution context.

  



  
    
      
    
    
      step_schema()



        
          
        

    

  


  

      

          @type step_schema() :: {implementation(), input_keys(), output_keys()}


      


The schema definition of a step within a recipe.
Format: {Implementation, InputKeys, OutputKeys}.

  



  
    
      
    
    
      step_with_options()



        
          
        

    

  


  

      

          @type step_with_options() ::
  {implementation(), input_keys(), output_keys(), step_options()}


      


A fully qualified step definition including options.
Format: {Implementation, InputKeys, OutputKeys, Options}.
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          @type t() :: step_schema() | step_with_options()
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          @callback nested?() :: boolean()


      


Determines if this step contains an inner recipe (Nested Step).

  



  
    
      
    
    
      run(input, step_options)



        
          
        

    

  


  

      

          @callback run(input(), step_options()) :: {:ok, output()} | {:error, term()}


      


Executes the step logic.
Arguments
	input - The input parameters. Structure depends on input_keys definition.
	opts - The keyword list of options available to this step.

Return Values
	{:ok, output} - Execution succeeded. output must match the structure of output_keys.
	{:error, reason} - Execution failed. The step (and potentially the workflow) halts.


  



  
    
      
    
    
      validate_options(step_options)



        
          
        

    

  


  

      

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


      


Validates the options passed to the step before execution.
This is useful for checking required configuration keys (e.g., API tokens, thresholds).
Returns :ok if valid, or {:error, reason} otherwise.
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      ensure_full_step(arg)



        
          
        

    

  


  

      

          @spec ensure_full_step(t()) :: step_with_options()


      


Normalizes a step structure into the full 4-element tuple format.

  



  
    
      
    
    
      extract_schema(arg)



        
          
        

    

  


  

      

          @spec extract_schema(t()) :: step_schema()


      


Extracts the basic schema {Impl, Input, Output} from a step definition.

  



  
    
      
    
    
      inject_options(step, options)



        
          
        

    

  


  

      

          @spec inject_options(
  t(),
  keyword()
) :: step_with_options()


      


Injects or merges options into a step definition.
Supports both 3-element tuple (Schema) and 4-element tuple (Full Step).

  



    

  
    
      
    
    
      report(opts, progress, payload \\ nil)



        
          
        

    

  


  

      

          @spec report(keyword(), term(), term()) :: :ok


      


Reports progress or status to the executor.
Example
def run(input, opts) do
  report(opts, :processing, "Start heavy calculation...")
  # ...
  report(opts, :uploading, 50)
  {:ok, result}
end

  


        

      


  

    
Orchid.Step.NestedStep 
    



      
Encapsulates a complete Recipe as a standalone Step to implement nested operations.
This allows you to treat a complex sub-workflow as a single atomic step within a
parent workflow.
Required Options
	:recipe - The inner Orchid.Recipe struct to be executed.

Optional Options
	:input_map - Parameter name mapping: %{parent_name => child_name}.
Use this when the parent step input name differs from what the inner recipe expects.
	:output_map - Result name mapping: %{child_name => parent_name}.
Use this to rename the inner recipe's output back to what the parent workflow expects.

The mapping direction follows the flow of data (Input: Parent -> Child; Output: Child -> Parent).
Examples
nested_step = {Orchid.Step.NestedStep,
  :parent_param, :parent_result_param,
  [
    recipe: inner_recipe,
    # Maps parent's :parent_param to child's :child_input
    input_map: %{parent_param: :child_input},
    # Maps child's :child_output back to :parent_result_param
    output_map: %{child_output: :parent_result_param}
  ]
}
Custom Nested Steps
If you need to define a custom step that behaves like a nested step (e.g., custom logic before/after the sub-recipe),
you must place the inner recipe in the :recipe option and implement nested?/0:
defmodule MyNested do
  use Orchid.Step

  # Tell the Scheduler to treat this as a nested step during traversals
  # def nested?(), do: true
  # use module attribute instead
  @orchid_step_nested true

  def run(input, opts) do
    # ... custom logic ...
  end
end
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        nested_check(step)

      


        Checks if a given Step implementation or Step tuple represents a nested step.



    


    
      
        run(input_params, opts)

      


        Callback implementation for Orchid.Step.run/2.



    


    
      
        validate_options(opts)

      


        Callback implementation for Orchid.Step.validate_options/1.
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          @spec nested_check(Orchid.Step.implementation() | Orchid.Step.t()) :: boolean()


      


Checks if a given Step implementation or Step tuple represents a nested step.
It's NestedStep-agnostic and also works for custom step implementations that define nested?/0.

  



  
    
      
    
    
      run(input_params, opts)



        
          
        

    

  


  

      

          @spec run(Orchid.Step.input(), Orchid.Step.step_options()) ::
  {:error, {:nested_step_execution_failed, term()}}
  | {:ok, Orchid.Step.output()}


      


Callback implementation for Orchid.Step.run/2.

  



  
    
      
    
    
      validate_options(opts)



        
          
        

    

  


  

Callback implementation for Orchid.Step.validate_options/1.

  


        

      


  

    
Orchid.Recipe.Graph 
    



      
Responsible for analysing the topological structure of Recipes,
primarily conducting static checks.
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        check_missing_initial(steps, initial_keys)

      


    





      


      
        Functions


        


  
    
      
    
    
      check_cycles(steps, available)



        
          
        

    

  


  


  



  
    
      
    
    
      check_missing_initial(steps, initial_keys)



        
          
        

    

  


  


  


        

      


  

    
Orchid.Scheduler 
    



      
Scheduler is responsible for managing and scheduling the execution order of steps in the Recipe.

      


      
        Summary


  
    Types
  


    
      
        initial_params()

      


        Initial parameters can be a list of Params or a map of Params.



    





  
    Functions
  


    
      
        build(recipe, initial_params, workflow_context)

      


        Initialize scheduler context.



    


    
      
        done?(context)

      


    


    
      
        get_results(context)

      


    


    
      
        get_results(context, key)

      


    


    
      
        inject_opts(ctx, selector, new_opts)

      


        Batch update configuration (at runtime).



    


    
      
        mark_running_steps(ctx, step_indices, mode \\ :running)

      


        Mark those steps that have started running(or remove when failed).



    


    
      
        merge_result(ctx, step_idx, output_params)

      


        After the Step is executed, merge the result back into the Context.



    


    
      
        next_ready_steps(ctx)

      


        Core scheduling function: Identify all the steps that are "inputs params ready" and "not executed".



    





      


      
        Types


        


  
    
      
    
    
      initial_params()



        
          
        

    

  


  

      

          @type initial_params() :: [Orchid.Param.t()] | Orchid.Scheduler.Context.param_map()


      


Initial parameters can be a list of Params or a map of Params.

  


        

      

      
        Functions


        


  
    
      
    
    
      build(recipe, initial_params, workflow_context)



        
          
        

    

  


  

      

          @spec build(
  Orchid.Recipe.t() | [Orchid.Step.t()],
  initial_params(),
  Orchid.WorkflowCtx.t()
) ::
  {:ok, Orchid.Scheduler.Context.t()} | {:error, term()}


      


Initialize scheduler context.

  



  
    
      
    
    
      done?(context)



        
          
        

    

  


  

      

          @spec done?(Orchid.Scheduler.Context.t()) :: boolean()


      



  



  
    
      
    
    
      get_results(context)



        
          
        

    

  


  

      

          @spec get_results(Orchid.Scheduler.Context.t()) ::
  Orchid.Scheduler.Context.param_map()


      



  



  
    
      
    
    
      get_results(context, key)



        
          
        

    

  


  


  



  
    
      
    
    
      inject_opts(ctx, selector, new_opts)



        
          
        

    

  


  

      

          @spec inject_opts(
  Orchid.Scheduler.Context.t(),
  (Orchid.Step.t() -> boolean()),
  keyword()
) ::
  Orchid.Scheduler.Context.t()


      


Batch update configuration (at runtime).
This is used in scenarios where after an external service crashes and re-assigned,
but several steps' options still use the old references.

  



    

  
    
      
    
    
      mark_running_steps(ctx, step_indices, mode \\ :running)



        
          
        

    

  


  

      

          @spec mark_running_steps(
  Orchid.Scheduler.Context.t(),
  Orchid.Scheduler.Context.step_index()
  | [Orchid.Scheduler.Context.step_index()],
  mode :: :running | :reattempt
) :: Orchid.Scheduler.Context.t()


      


Mark those steps that have started running(or remove when failed).

  



  
    
      
    
    
      merge_result(ctx, step_idx, output_params)



        
          
        

    

  


  

      

          @spec merge_result(
  Orchid.Scheduler.Context.t(),
  non_neg_integer(),
  [Orchid.Param.t()] | Orchid.Param.t()
) :: Orchid.Scheduler.Context.t()


      


After the Step is executed, merge the result back into the Context.

  



  
    
      
    
    
      next_ready_steps(ctx)



        
          
        

    

  


  

      

          @spec next_ready_steps(Orchid.Scheduler.Context.t()) :: [
  {Orchid.Step.t(), Orchid.Scheduler.Context.step_index()}
]


      


Core scheduling function: Identify all the steps that are "inputs params ready" and "not executed".

  


        

      


  

    
Orchid.Scheduler.Context 
    



      
The state machine for workflow execution.
It tracks the progress of a Recipe, including which steps are pending, running,
or completed, and holds the data (params) produced so far.
Data Structure Decisions
You might notice a mix of Lists and MapSets. This is intentional to balance
deterministic execution with scheduling efficiency:
	:pending_steps (List) - Kept as a list to preserve the definition order
  from the Recipe. When multiple steps are ready simultaneously, Orchid prefers
  to execute them in the order they were written. This ensures predictable behavior,
  especially for the Serial executor.
	:running_steps (MapSet) - Used for O(1) lookups. The scheduler frequently
  checks member?/2 inside loops; a MapSet prevents this from becoming a performance bottleneck.
	:available_keys (MapSet) - Optimized for Set Algebra. Dependency resolution
  relies heavily on subset checks (subset?/2), which MapSets handle efficiently.
	:recipe (Struct) - The Recipe being executed.
	:params (Map) - A map of parameters available in the current context.
	:history (List) - A list of tuples recording the execution history of steps, including their indices and output keys.
	:workflow_ctx (Struct) - The Orchid.WorkflowCtx struct associated with the execution.
	:assigns (Map) - A map for storing additional context-specific data.


      


      
        Summary


  
    Types
  


    
      
        param_map()

      


    


    
      
        step_index()

      


    


    
      
        t()
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      param_map()



        
          
        

    

  


  

      

          @type param_map() :: %{optional(atom() | binary()) => Orchid.Param.t()}


      



  



  
    
      
    
    
      step_index()



        
          
        

    

  


  

      

          @type step_index() :: non_neg_integer()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Orchid.Scheduler.Context{
  assigns: %{required(any()) => any()},
  available_keys: MapSet.t(Orchid.Step.io_key()),
  history: [{Orchid.Step.t(), MapSet.t(Orchid.Step.output_keys())}],
  params: param_map(),
  pending_steps: [{Orchid.Step.t(), step_index()}],
  recipe: Orchid.Recipe.t(),
  running_steps: MapSet.t(step_index()),
  workflow_ctx: Orchid.WorkflowCtx.t()
}


      



  


        

      


  

    
Orchid.Operon behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        call(request, maybe_next_func)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      call(request, maybe_next_func)



        
          
        

    

  


  

      

          @callback call(
  request :: Orchid.Operon.Request.t(),
  maybe_next_func :: (Orchid.Operon.Request.t() -> Orchid.Operon.Response.t())
) :: Orchid.Operon.Response.t()


      



  


        

      


  

    
Orchid.Operon.Execute 
    



      
Execute recipe.

      




  

    
Orchid.Operon.Request 
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    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Orchid.Operon.Request{
  assigns: map(),
  initial_params: Orchid.Scheduler.initial_params(),
  operon_options: keyword(),
  recipe: Orchid.Recipe.t(),
  workflow_ctx: Orchid.WorkflowCtx.t()
}


      



  


        

      


  

    
Orchid.Operon.Response 
    




      
        Summary


  
    Types
  


    
      
        payload()

      


    


    
      
        t()
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      payload()



        
          
        

    

  


  

      

          @type payload() :: Orchid.Executor.response()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Orchid.Operon.Response{assigns: %{}, payload: payload()}


      



  


        

      


  

    
Orchid.Pipeline 
    




      
        Summary


  
    Functions
  


    
      
        run(stack, request)

      


        Run pipeline at request level(not step).



    





      


      
        Functions


        


  
    
      
    
    
      run(stack, request)



        
          
        

    

  


  

      

          @spec run([module()], Orchid.Operon.Request.t()) :: Orchid.Operon.Response.t()


      


Run pipeline at request level(not step).

  


        

      


  

    
Orchid.Executor behaviour
    



      
Executor behavoir.
An executor receive a Orchid.Scheduler.Context struct and do execution.
There're some functions recommend to use during execution.
	Orchid.Scheduler.next_ready_steps/1
	Orchid.Scheduler.merge_result/3
	Orchid.Scheduler.mark_running_steps/3
	Orchid.Scheduler.done?/1
	Orchid.Runner.run/4


      


      
        Summary


  
    Types
  


    
      
        executor()

      


    


    
      
        executor_opts()

      


    


    
      
        response()

      


    





  
    Callbacks
  


    
      
        execute(t, executor_opts)

      


    





  
    Functions
  


    
      
        execute_next_step(ctx)

      


        Executes the next ready step in the given context.
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      executor()



        
          
        

    

  


  

      

          @type executor() :: module()


      



  



  
    
      
    
    
      executor_opts()



        
          
        

    

  


  

      

          @type executor_opts() :: keyword()


      



  



  
    
      
    
    
      response()



        
          
        

    

  


  

      

          @type response() ::
  {:ok, Orchid.Scheduler.Context.param_map()} | {:error, Orchid.Error.t()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      execute(t, executor_opts)



        
          
        

    

  


  

      

          @callback execute(Orchid.Scheduler.Context.t(), executor_opts()) :: response()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      execute_next_step(ctx)



        
          
        

    

  


  

      

          @spec execute_next_step(Orchid.Scheduler.Context.t()) ::
  {:done, Orchid.Scheduler.Context.t()}
  | {:stuck, Orchid.Scheduler.Context.t()}
  | {:cont, Orchid.Scheduler.Context.t()}
  | {:error, Orchid.Error.t()}


      


Executes the next ready step in the given context.
Debugging helper function for executors.

  


        

      


  

    
Orchid.Executor.Async 
    



      
Asynchronous Executor, implementing the behaviour of Orchid.Executor.
It executes the steps within a Recipe concurrently, respecting a maximum
concurrency limit. It automatically identifies steps that are ready to run
(whose dependencies are satisfied) and launches them in parallel using Elixir Tasks.
Options
	:concurrency - The maximum number of steps to run simultaneously.
Defaults to System.schedulers_online().


      




  

    
Orchid.Executor.Serial 
    



      
Serial Executor, implementing the behaviour of Orchid.Executor.
It executes the steps within a Recipe sequentially, performing only
one step at a time and waiting for its completion before proceeding
to the next step.

      




  

    
Orchid.Runner 
    



      
Run step.

      


      
        Summary


  
    Functions
  


    
      
        run(step, ctx_params, recipe_opts, workflow_ctx, initial_assigns \\ %{})

      


    





      


      
        Functions


        


    

  
    
      
    
    
      run(step, ctx_params, recipe_opts, workflow_ctx, initial_assigns \\ %{})



        
          
        

    

  


  

      

          @spec run(
  Orchid.Step.t(),
  Orchid.Scheduler.Context.param_map(),
  keyword(),
  Orchid.WorkflowCtx.t(),
  map()
) :: Orchid.Runner.Hook.hook_result()


      



  


        

      


  

    
Orchid.Runner.Context 
    



      
Context for step execution.
	:step_implementation - Step implementation module or function.
	:in_keys - Input keys.
	:out_keys - Output keys.
	:step_opts - Step options.
	:inputs - Prepared inputs.
	:recipe_opts - Recipe options.
	:telemetry_meta - Telemetry metadata.
	:workflow_ctx - Workflow context.
	:assigns - Assigns map.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  step_implementation: Orchid.Step.implementation(),
  in_keys: Orchid.Step.input_keys(),
  out_keys: Orchid.Step.output_keys(),
  step_opts: Orchid.Step.step_options(),
  inputs: [Orchid.Param.t()],
  recipe_opts: keyword(),
  telemetry_meta: map(),
  workflow_ctx: Orchid.WorkflowCtx.t(),
  assigns: map()
}


      



  


        

      


  

    
Orchid.Runner.Hook behaviour
    



      
Behaviour for runner hooks.
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    Types
  


    
      
        hook_result()

      


    


    
      
        next_fn()

      


    


    
      
        orchid_core_result()

      


    


    
      
        special_result()

      


    





  
    Callbacks
  


    
      
        call(ctx, next_fn)

      


        Callback to execute the hook.
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      hook_result()



        
          
        

    

  


  

      

          @type hook_result() :: orchid_core_result() | special_result()


      



  



  
    
      
    
    
      next_fn()



        
          
        

    

  


  

      

          @type next_fn() :: (Orchid.Runner.Context.t() -> hook_result())


      



  



  
    
      
    
    
      orchid_core_result()



        
          
        

    

  


  

      

          @type orchid_core_result() :: {:ok, Orchid.Step.output()} | {:error, term()}


      



  



  
    
      
    
    
      special_result()



        
          
        

    

  


  

      

          @type special_result() :: {:special, any()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      call(ctx, next_fn)



        
          
        

    

  


  

      

          @callback call(ctx :: Orchid.Runner.Context.t(), next_fn()) :: hook_result()


      


Callback to execute the hook.

  


        

      


  

    
Orchid.Runner.Hooks.Core 
    




      
        Summary


  
    Functions
  


    
      
        align_output_names(params, out_key)

      


        Align Orchid's step output names.



    


    
      
        call(ctx, next)

      


        Callback implementation for Orchid.Runner.Hook.call/2.



    


    
      
        extract_workflow_ctx(opts)

      


    


    
      
        get_workflow_ctx_key()

      


    


    
      
        inject_workflow_ctx(opts, ctx)

      


    





      


      
        Functions


        


  
    
      
    
    
      align_output_names(params, out_key)



        
          
        

    

  


  

Align Orchid's step output names.
Used for some bypass hook.

  



  
    
      
    
    
      call(ctx, next)



        
          
        

    

  


  

      

          @spec call(Orchid.Runner.Context.t(), Orchid.Runner.Hook.next_fn()) ::
  Orchid.Runner.Hook.hook_result()


      


Callback implementation for Orchid.Runner.Hook.call/2.

  



  
    
      
    
    
      extract_workflow_ctx(opts)



        
          
        

    

  


  

      

          @spec extract_workflow_ctx(keyword()) :: Orchid.WorkflowCtx.t()


      



  



  
    
      
    
    
      get_workflow_ctx_key()



        
          
        

    

  


  


  



  
    
      
    
    
      inject_workflow_ctx(opts, ctx)



        
          
        

    

  


  


  


        

      


  

    
Orchid.Runner.Hooks.Telemetry 
    




      
        Summary


  
    Functions
  


    
      
        call(ctx, next)

      


        Callback implementation for Orchid.Runner.Hook.call/2.



    


    
      
        error_handler(list, measurements, meta, config)

      


        A helper error handler for Telemetry step exceptions.
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      call(ctx, next)



        
          
        

    

  


  

      

          @spec call(Orchid.Runner.Context.t(), Orchid.Runner.Hook.next_fn()) ::
  Orchid.Runner.Hook.hook_result()


      


Callback implementation for Orchid.Runner.Hook.call/2.

  



  
    
      
    
    
      error_handler(list, measurements, meta, config)



        
          
        

    

  


  

A helper error handler for Telemetry step exceptions.
When you want to log step exceptions, you can attach this handler to the
[:orchid, :step, :exception] event.
Example
# In iex.exs or your application startup
:telemetry.attach(
  "orchid-step-exception-logger",
  [:orchid, :step, :exception],
  &Orchid.Runner.Hooks.Telemetry.error_handler/4,
  %{}
)

  


        

      


  

    
Orchid.WorkflowCtx 
    



      
Represents the context of a workflow execution, including its configuration,
path, and baggage.
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        add_depth(ctx, step_id)

      


    


    
      
        get_baggage(ctx, key, default \\ nil)

      


    


    
      
        get_config(ctx, key, default \\ nil)

      


    


    
      
        merge_baggage(ctx, baggage)

      


    


    
      
        merge_config(ctx, new_opts)
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          @type t() :: %Orchid.WorkflowCtx{
  baggage: %{},
  config: %{},
  path: [Orchid.Step.ID.t()],
  root_id: any()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_depth(ctx, step_id)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_baggage(ctx, key, default \\ nil)



        
          
        

    

  


  


  



    

  
    
      
    
    
      get_config(ctx, key, default \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      merge_baggage(ctx, baggage)



        
          
        

    

  


  


  



  
    
      
    
    
      merge_config(ctx, new_opts)
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Orchid.Step.ID 
    



      
Create identifier/fingerprint via Step's input, output or mapper in option.
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    Functions
  


    
      
        finger_print(step, headless? \\ true)

      


    


    
      
        normalize_keys_to_set(atom)

      


        normalize step's io key into MapSet.



    


    
      
        same?(step1, step2)

      


        Check if two steps have the same input and output keys.
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      t()



        
          
        

    

  


  

      

          @type t() ::
  {MapSet.t(Orchid.Step.input_keys()), MapSet.t(Orchid.Step.output_keys())}
  | {Orchid.Step.implementation(), MapSet.t(Orchid.Step.input_keys()),
     MapSet.t(Orchid.Step.output_keys())}
  | :root
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          @spec finger_print(Orchid.Step.t(), headless? :: boolean()) :: t()


      



  



  
    
      
    
    
      normalize_keys_to_set(atom)



        
          
        

    

  


  

      

          @spec normalize_keys_to_set(nil | atom() | list() | tuple() | MapSet.t()) ::
  MapSet.t()


      


normalize step's io key into MapSet.

  



  
    
      
    
    
      same?(step1, step2)



        
          
        

    

  


  

      

          @spec same?(Orchid.Step.t(), Orchid.Step.t()) :: boolean()


      


Check if two steps have the same input and output keys.

  


        

      


  

    
Orchid.Error exception
    



      
A container for errors that occur during Orchid execution.
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Orchid.Error{
  __exception__: true,
  context: Orchid.Scheduler.Context.t() | nil,
  kind: :logic | :exception | :exit | :logic_or_exception,
  reason: term(),
  step_id: Orchid.Step.ID.t() | Orchid.Step.t() | nil
}
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