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Mobus.Stepwise.Artifacts 
    



      
Canonical helpers for workflow-owned artifacts in the stepwise runtime.
Artifacts are durable, workflow-scoped data that should survive refreshes,
retries, and external callbacks (e.g. email confirmation links).

      


      
        Summary


  
    Types
  


    
      
        artifact_entry()

      


    


    
      
        artifact_map()

      


    





  
    Functions
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        Merges two artifact maps, with incoming entries overriding existing ones.
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        Normalizes an artifact map into canonical format.
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          @type artifact_entry() :: %{required(String.t()) => term()}
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          @type artifact_map() :: %{optional(String.t()) => artifact_entry()}
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          @spec merge(map() | nil, map() | nil) :: artifact_map()


      


Merges two artifact maps, with incoming entries overriding existing ones.
Both maps are normalized before merging. nil inputs are treated as empty maps.
Parameters
	existing — the current artifact map (or nil)
	incoming — new artifacts to merge in (or nil)

Returns
	A merged and normalized artifact_map().

Examples
Artifacts.merge(%{"a" => %{"data" => 1}}, %{"b" => %{"data" => 2}})
#=> %{"a" => %{...}, "b" => %{...}}
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          @spec normalize(map() | nil) :: artifact_map()


      


Normalizes an artifact map into canonical format.
Each artifact entry is coerced to include "kind", "version", "inserted_at",
and "data" keys with string keys throughout. Keys are stringified, and entries
without explicit metadata default to kind "opaque" and version 1.
Returns an empty map for nil or non-map inputs.
Parameters
	artifacts — a map of artifact entries, or nil

Returns
	A normalized artifact_map() with string keys and canonical entry structure.

Examples
Artifacts.normalize(%{report: %{kind: "pdf", data: "..."}})
#=> %{"report" => %{"kind" => "pdf", "version" => 1, "inserted_at" => "...", "data" => "..."}}

Artifacts.normalize(nil)
#=> %{}

  


        

      


  

    
Mobus.Stepwise.Capabilities 
    



      
Configurable capability runner adapter for the stepwise engine.
When adapter is nil (default), capability execution returns
{:ok, %{context: %{}}} (no-op). This allows the package to work for
form-only wizards (e.g. Atrapos tenant creation) without requiring a
capability runner.
Configure via :mobus_stepwise application config:
config :mobus_stepwise, :capability_runner_adapter, MyApp.CapabilityRunner
:strict mode
Some consumers (e.g. workflow_stem with its own adapter plumbing) prefer
strict semantics where a nil adapter signals a misconfiguration rather
than silently succeeding. Enable via:
config :mobus_stepwise, :capability_runner_strict, true
When strict is true, calling execute/3 with no adapter configured
returns {:error, :capability_runner_disabled} instead of the default
no-op success. Default: false (backwards compatible).
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        adapter()

      


        Returns the configured capability runner adapter module, or nil if none is set.



    


    
      
        enabled?()

      


        Returns true if a capability runner adapter is configured and exports execute/3.



    


    
      
        execute(tenant_id, capability_handle, input)

      


        Executes a capability via the configured adapter, or returns a no-op result.



    


    
      
        strict?()

      


        Returns true when :capability_runner_strict mode is active.
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          @spec adapter() :: module() | nil


      


Returns the configured capability runner adapter module, or nil if none is set.
Reads from application config key :mobus_stepwise, :capability_runner_adapter.
Examples
Capabilities.adapter()
#=> MyApp.CapabilityRunner

# When unconfigured:
Capabilities.adapter()
#=> nil

  



  
    
      
    
    
      enabled?()



        
          
        

    

  


  

      

          @spec enabled?() :: boolean()


      


Returns true if a capability runner adapter is configured and exports execute/3.
Checks that the adapter is a non-nil atom module with an execute/3 function exported.
Examples
Capabilities.enabled?()
#=> true

  



  
    
      
    
    
      execute(tenant_id, capability_handle, input)



        
          
        

    

  


  

      

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


      


Executes a capability via the configured adapter, or returns a no-op result.
When no adapter is configured, returns {:ok, %{context: %{}}} (no-op).
Otherwise delegates to adapter.execute(tenant_id, capability_handle, input).
Parameters
	tenant_id — tenant identifier string
	capability_handle — capability name (string or atom), e.g. "myapp.validate"
	input — execution input map with event context, payload, and state

Returns
	{:ok, result} — successful execution with context updates and/or artifacts
	{:error, reason} — capability execution failed

Examples
Capabilities.execute("tenant-1", "myapp.validate", %{payload: %{email: "a@b.com"}})
#=> {:ok, %{context: %{valid: true}}}
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          @spec strict?() :: boolean()


      


Returns true when :capability_runner_strict mode is active.
When true, execute/3 returns {:error, :capability_runner_disabled} if
no adapter is configured instead of silently succeeding. Consumers that
always configure an adapter (e.g. workflow_stem) should set this to true
so accidental nil-adapter calls are caught as errors.
Examples
Capabilities.strict?()
#=> false

# After config:
#   config :mobus_stepwise, :capability_runner_strict, true
Capabilities.strict?()
#=> true

  


        

      


  

    
Mobus.Stepwise.Components.FsmBreakpoint 
    



      
Breakpoint component for stepwise workflows.
Records breakpoint hits for debugging and inspection purposes.
Naming note: Despite the FsmBreakpoint module name, this component
operates exclusively within stepwise pipelines. The name is historical
(predating the profile extraction) and is retained to avoid breaking
internal pipeline references.


      


      
        Summary


  
    Functions
  


    
      
        call(event, opts)

      


        Records breakpoint hits for debugging and inspection.
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          @spec call(map(), map()) :: map()


      


Records breakpoint hits for debugging and inspection.
This is an ALF pipeline stage. Checks the spec's :breakpoints list against
the current event and state. Matching breakpoints are appended to
runtime.breakpoint_hits with a timestamp, and a trace entry is recorded.
Supports breakpoint types:
	on: :event — matches when the breakpoint value equals the event name
	on: :state_enter — matches when the breakpoint value equals the current state

Skipped when the event has an error status.
Parameters
	event — pipeline event map with :spec, :runtime, :event
	opts — ALF stage options (unused)

Returns
	Updated event map with breakpoint hits and trace entries in runtime.


  


        

      


  

    
Mobus.Stepwise.Components.StepwiseAction 
    



      
Executes declarative per-step actions for stepwise workflows.
A step action is expected to live under the current state's definition:
states: %{
  step_1: %{action: %{type: :capability, handle: "cap.handle"}},
  ...
}
Action types
	:capability — executed via Mobus.Stepwise.Capabilities (delegates to
the configured :capability_runner_adapter).
	:conversation — delegated to a host-provided conversation handler
module configured via :mobus_stepwise, :conversation_handler. The
handler must implement handle_conversation/5 with signature
(event, runtime, trigger, payload, action_config) :: event.

Conversation completion
When a conversation action's trigger is NOT :enter or :chat_message,
the event payload is merged transparently into runtime.context. The
conversation handler is responsible for constructing whatever payload
shape its consumer's workflows expect — no hardcoded field names.

      


      
        Summary


  
    Functions
  


    
      
        call(event, opts)

      


        Executes the declarative action defined for the current step, if any.
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          @spec call(map(), map()) :: map()


      


Executes the declarative action defined for the current step, if any.
This is an ALF pipeline stage. Looks up the current state's :action definition
in spec.states, and if a :capability action is defined whose trigger matches
the current event, executes it via Mobus.Stepwise.Capabilities. On success,
merges context updates and artifacts into the runtime. On failure, sets error
status and populates blocked_reasons.
Skipped when the event has an error status or the event payload is not a map.
Parameters
	event — pipeline event map with :spec, :runtime, :event, :payload
	opts — ALF stage options (unused)

Returns
	Updated event map, potentially with modified runtime context, artifacts,
trace entries, or error status.


  


        

      


  

    
Mobus.Stepwise.Components.StepwiseAdvance 
    



      
Advances (or reverses) the current step for stepwise workflows.
Step ordering is derived from Mobus.Stepwise.SpecHelpers.ordered_steps/1:
	spec.steps (list of step IDs), otherwise
	states with step_number (ascending)

Supported events:
	:next / "next"
	:back / "back"


      


      
        Summary


  
    Functions
  


    
      
        call(event, opts)

      


        Advances or reverses the current step based on the event.
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      call(event, opts)



        
          
        

    

  


  

      

          @spec call(map(), map()) :: map()


      


Advances or reverses the current step based on the event.
This is an ALF pipeline stage. For :next/"next" events, moves to the next
step in order. For :back/"back", moves to the previous step. For custom
events, looks up explicit transitions in spec.transitions. Updates history
and trace on successful transitions.
Skipped when skip_transition: true is set (projection-only mode) or on error status.
Parameters
	event — pipeline event map with :spec, :runtime, :event, :payload
	opts — ALF stage options (unused)

Returns
	Updated event map with :runtime (potentially new current_state),
:previous_state, and :state_changed? flag.


  


        

      


  

    
Mobus.Stepwise.Components.StepwiseContextMerge 
    



      
Merges inbound payload into runtime.context for stepwise workflows.
Stepwise workflows are wizard-like; user input is typically collected over
multiple events. This component ensures that payload updates persist in the
in-band runtime context, enabling resume and later step actions.

      


      
        Summary


  
    Functions
  


    
      
        call(event, opts)

      


        Merges the event payload into runtime.context.
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      call(event, opts)



        
          
        

    

  


  

      

          @spec call(map(), map()) :: map()


      


Merges the event payload into runtime.context.
This is an ALF pipeline stage. It shallow-merges event.payload into
runtime.context, accumulating user input across successive events.
Skipped when the event has an error status.
Parameters
	event — pipeline event map with :runtime and :payload keys
	opts — ALF stage options (unused)

Returns
	Updated event map with merged context in event.runtime.context.


  


        

      


  

    
Mobus.Stepwise.Components.StepwiseEntryAction 
    



      
Executes entry-triggered actions for stepwise workflows.
Runs immediately after a state transition when the new state defines an
action with an :enter trigger (or equivalent definition).

      


      
        Summary


  
    Functions
  


    
      
        call(event, opts)

      


        Executes entry-triggered actions after a state transition.
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      call(event, opts)



        
          
        

    

  


  

      

          @spec call(map(), map()) :: map()


      


Executes entry-triggered actions after a state transition.
This is an ALF pipeline stage. When state_changed? is true, delegates
to StepwiseAction.run_entry_action/1 to execute any action on the new
state that has an :enter trigger. Skipped on error status, when
skip_transition is set, or when the state did not change.
Parameters
	event — pipeline event map with :state_changed?, :status, :skip_transition
	opts — ALF stage options (unused)

Returns
	Updated event map, potentially with modified runtime from entry action execution.


  


        

      


  

    
Mobus.Stepwise.Components.StepwiseProjection 
    



      
Projection component for stepwise workflows.
Produces canonical Mobus.Stepwise.Projection from the current runtime state.

      


      
        Summary


  
    Functions
  


    
      
        call(event, opts)

      


        Builds the canonical Mobus.Stepwise.Projection from the current runtime.
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      call(event, opts)



        
          
        

    

  


  

      

          @spec call(map(), map()) :: map()


      


Builds the canonical Mobus.Stepwise.Projection from the current runtime.
This is an ALF pipeline stage. Computes the projection struct containing
all information needed for UI rendering: current state, available events,
UI descriptor, artifacts, blocked reasons, subscriptions, errors, and trace.
Available events are derived from the step's position in the ordered step list:
	First step: [:next]
	Last step: [:back]
	Middle steps: [:back, :next]

Parameters
	event — pipeline event map with :spec and :runtime
	opts — ALF stage options (unused)

Returns
	Updated event map with %Mobus.Stepwise.Projection{} in both
event.runtime.projection and event.projection.


  


        

      


  

    
Mobus.Stepwise.Engine 
    



      
ALF-backed engine for stepwise workflows.
Stepwise workflows are intended for wizards and import pipelines:
	linear(ish) progression
	resumable via checkpoints
	lighter semantics than full FSM (events are typically :next / :back)

Usage
spec = %{
  profile: :stepwise,
  initial_state: :step_one,
  steps: [:step_one, :step_two, :step_three],
  states: %{
    step_one: %{step_number: 1, ui: %{key: :step_one}},
    step_two: %{step_number: 2, ui: %{key: :step_two}},
    step_three: %{step_number: 3, ui: %{key: :step_three}}
  }
}

{:ok, runtime} = Engine.init(spec, %{tenant_id: "t1", execution_id: "e1", sync: true})
{:ok, runtime} = Engine.handle_event(runtime, :next, %{name: "Alice"})
projection = Engine.get_state(runtime)
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    Types
  


    
      
        runtime()

      


    





  
    Functions
  


    
      
        checkpoint(runtime)

      


        Extracts a serializable checkpoint from the runtime for persistence.



    


    
      
        get_state(runtime)

      


        Returns the current Mobus.Stepwise.Projection for the runtime.



    


    
      
        handle_event(runtime, event, payload)

      


        Processes an event against the current runtime, advancing the workflow.



    


    
      
        init(spec, runtime_context)

      


        Initializes a new stepwise workflow runtime from a spec and runtime context.



    


    
      
        restore(spec, checkpoint, runtime_context)

      


        Restores a runtime from a previously saved checkpoint.
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      runtime()



        
          
        

    

  


  

      

          @type runtime() :: %{
  :execution_id => String.t(),
  :tenant_id => String.t(),
  :spec => map(),
  :current_state => atom() | String.t(),
  :pipeline_mod => module(),
  optional(:context) => map(),
  optional(:history) => list(),
  optional(:trace) => list(),
  optional(:blocked_reasons) => map(),
  optional(:breakpoint_hits) => list(),
  optional(:meta) => map(),
  optional(:errors) => [map()],
  optional(:projection) => Mobus.Stepwise.Projection.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      checkpoint(runtime)



        
          
        

    

  


  

      

          @spec checkpoint(runtime()) :: map()


      


Extracts a serializable checkpoint from the runtime for persistence.
Strips the projection (non-serializable) and retains only the core runtime
fields needed to resume the workflow later via restore/3.
Parameters
	runtime — current runtime map

Returns
	A plain map suitable for JSON serialization or database storage.

Examples
checkpoint = Engine.checkpoint(runtime)
# => %{execution_id: "e1", current_state: :step_two, context: %{name: "Alice"}, ...}

  



  
    
      
    
    
      get_state(runtime)



        
          
        

    

  


  

      

          @spec get_state(runtime()) :: Mobus.Stepwise.Projection.t() | map()


      


Returns the current Mobus.Stepwise.Projection for the runtime.
If the runtime already contains a computed projection, returns it directly.
Otherwise, recomputes the projection by running the pipeline in
projection-only mode (no state transition).
Parameters
	runtime — current runtime map

Returns
	%Mobus.Stepwise.Projection{} — the canonical UI projection struct

Examples
projection = Engine.get_state(runtime)
projection.current_state  #=> :step_two
projection.available_events  #=> [:back, :next]

  



  
    
      
    
    
      handle_event(runtime, event, payload)



        
          
        

    

  


  

      

          @spec handle_event(runtime(), atom() | String.t(), map()) ::
  {:ok, runtime()} | {:wait, runtime(), map()} | {:error, term(), runtime()}


      


Processes an event against the current runtime, advancing the workflow.
Sends the event through the ALF pipeline which, in order:
	Merges the payload into runtime.context
	Executes any step action (capability) defined for the current state
	Advances or reverses current_state based on the event
	Fires entry actions if the state changed
	Records breakpoint hits
	Computes the updated projection

Parameters
	runtime — current runtime map (as returned by init/2 or a prior handle_event/3)
	event — event atom or string (:next, :back, "next", "back", or custom)
	payload — map of user input to merge into context

Returns
	{:ok, runtime} — successful state transition with updated projection
	{:wait, runtime, wait_cfg} — transition requires async resolution
	{:error, reason, runtime} — action or pipeline failure

Examples
{:ok, runtime} = Engine.handle_event(runtime, :next, %{name: "Alice"})
{:ok, runtime} = Engine.handle_event(runtime, :back, %{})

  



  
    
      
    
    
      init(spec, runtime_context)



        
          
        

    

  


  

      

          @spec init(map(), map()) ::
  {:ok, runtime()}
  | {:wait, runtime(), map()}
  | {:error, {:initial_entry_action_failed, term(), runtime()} | term()}


      


Initializes a new stepwise workflow runtime from a spec and runtime context.
Normalizes the spec into internal representation (IR), starts the ALF pipeline
(if not already running), builds the initial runtime map, fires entry actions
for the initial state, and computes the first projection.
If the initial state defines a capability action whose trigger matches :enter,
that action runs during init/2. When that action returns {:error, reason},
the error is propagated to the caller as
{:error, {:initial_entry_action_failed, reason, runtime}} with blocked_reasons
populated on the returned runtime. Previously such errors were silently discarded,
causing workflows whose first step errored to advance as if the step had succeeded.
Parameters
	spec — workflow specification map containing :profile, :initial_state,
:steps, :states, and optionally :transitions, :breakpoints, :subscriptions
	runtime_context — context map requiring :tenant_id and optionally
:execution_id, :sync, and :initial_context

Returns
	{:ok, runtime} — runtime map with computed projection
	{:error, reason} — if tenant_id is missing or pipeline fails to start
	{:error, {:initial_entry_action_failed, reason, runtime}} — if the initial
state's entry capability returned {:error, reason}

Examples
spec = %{profile: :stepwise, initial_state: :step_one, steps: [:step_one, :step_two],
         states: %{step_one: %{step_number: 1, ui: %{key: :step_one}},
                   step_two: %{step_number: 2, ui: %{key: :step_two}}}}

{:ok, runtime} = Engine.init(spec, %{tenant_id: "t1", execution_id: "e1", sync: true})

  



  
    
      
    
    
      restore(spec, checkpoint, runtime_context)



        
          
        

    

  


  

      

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


      


Restores a runtime from a previously saved checkpoint.
Re-normalizes the spec into IR, reconstitutes the runtime from checkpoint
data, starts the pipeline if needed, and recomputes the projection. The
restored runtime is fully functional for subsequent handle_event/3 calls.
Parameters
	spec — the original workflow specification map
	checkpoint — map previously returned by checkpoint/1
	runtime_context — context map requiring :tenant_id and optionally :sync

Returns
	{:ok, runtime} — restored runtime with recomputed projection
	{:error, reason} — if tenant_id is missing or pipeline fails to start

Examples
checkpoint = Engine.checkpoint(runtime)
{:ok, restored} = Engine.restore(spec, checkpoint, %{tenant_id: "t1", sync: true})

  


        

      


  

    
Mobus.Stepwise.EngineBehaviour behaviour
    



      
Behaviour contract for stepwise engines.
Engines must be deterministic under sync: true execution, enabling
reliable unit tests and debugging.
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        handle_event(runtime, event, payload)

      


    


    
      
        init(spec, runtime_context)

      


    


    
      
        restore(spec, map, runtime_context)
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          @callback checkpoint(Mobus.Stepwise.Types.runtime()) :: map()


      



  



  
    
      
    
    
      get_state(runtime)



        
          
        

    

  


  

      

          @callback get_state(Mobus.Stepwise.Types.runtime()) ::
  Mobus.Stepwise.Projection.t() | map()


      



  



  
    
      
    
    
      handle_event(runtime, event, payload)



        
          
        

    

  


  

      

          @callback handle_event(
  Mobus.Stepwise.Types.runtime(),
  Mobus.Stepwise.Types.event(),
  Mobus.Stepwise.Types.payload()
) ::
  {:ok, Mobus.Stepwise.Types.runtime()}
  | {:wait, Mobus.Stepwise.Types.runtime(), Mobus.Stepwise.Types.wait_cfg()}
  | {:error, Mobus.Stepwise.Types.reason(), Mobus.Stepwise.Types.runtime()}


      



  



  
    
      
    
    
      init(spec, runtime_context)



        
          
        

    

  


  

      

          @callback init(Mobus.Stepwise.Types.spec(), Mobus.Stepwise.Types.runtime_context()) ::
  {:ok, Mobus.Stepwise.Types.runtime()}
  | {:wait, Mobus.Stepwise.Types.runtime(), Mobus.Stepwise.Types.wait_cfg()}
  | {:error, Mobus.Stepwise.Types.reason()}
  | {:error,
     {:initial_entry_action_failed, Mobus.Stepwise.Types.reason(),
      Mobus.Stepwise.Types.runtime()}}


      



  



  
    
      
    
    
      restore(spec, map, runtime_context)



        
          
        

    

  


  

      

          @callback restore(
  Mobus.Stepwise.Types.spec(),
  map(),
  Mobus.Stepwise.Types.runtime_context()
) ::
  {:ok, Mobus.Stepwise.Types.runtime()}
  | {:error, Mobus.Stepwise.Types.reason()}


      



  


        

      


  

    
Mobus.Stepwise.Error 
    



      
Structured error metadata for capability and engine errors.
Provides richer error classification than raw reason terms,
enabling orchestrators to make policy decisions (retry, skip,
escalate) without string-parsing error reasons.
Usage
Capabilities can return structured errors:
{:error, %Mobus.Stepwise.Error{
  type: :validation,
  source: :capability,
  reason: "email already exists",
  recoverable?: true,
  retryable?: false
}}
The engine passes these through transparently. Orchestrators
can pattern-match on the struct:
case Result.error_reason(result) do
  %Error{retryable?: true} -> schedule_retry(...)
  %Error{recoverable?: false} -> escalate(...)
  raw_reason -> handle_legacy(raw_reason)
end
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        t()

      


    





  
    Functions
  


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

      


        Creates a new structured error.



    


    
      
        structured?(arg1)

      


        Returns true if the value is a %Mobus.Stepwise.Error{} struct.
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          @type t() :: %Mobus.Stepwise.Error{
  detail: term() | nil,
  reason: term(),
  recoverable?: boolean(),
  retryable?: boolean(),
  source: atom() | nil,
  type: atom()
}
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          @spec new(atom(), term(), keyword()) :: t()


      


Creates a new structured error.
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          @spec structured?(term()) :: boolean()


      


Returns true if the value is a %Mobus.Stepwise.Error{} struct.

  


        

      


  

    
Mobus.Stepwise.History 
    



      
Structured access to runtime history and trace data.
The engine maintains two audit trails in the runtime:
	:history — state transition log (from, to, event, at)
	:trace — fine-grained execution trace (actions, steps, breakpoints)

These helpers provide stable read access and controlled append
without depending on internal list structure.
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    Functions
  


    
      
        append(runtime, entry)

      


        Appends a custom event to the history.



    


    
      
        append_trace(runtime, entry)

      


        Appends a custom entry to the trace.



    


    
      
        events(runtime)

      


        Returns the full history list from the runtime.



    


    
      
        events_by(runtime, event_name)

      


        Returns history entries filtered by event name.



    


    
      
        last_event(runtime)

      


        Returns the last history entry, or nil.



    


    
      
        trace(runtime)

      


        Returns the full trace list from the runtime.



    


    
      
        trace_by_kind(runtime, kind)

      


        Returns trace entries filtered by kind.



    


    
      
        transition_count(runtime)

      


        Returns the number of state transitions recorded.



    





      


      
        Functions


        


  
    
      
    
    
      append(runtime, entry)



        
          
        

    

  


  

      

          @spec append(map(), map()) :: map()


      


Appends a custom event to the history.

  



  
    
      
    
    
      append_trace(runtime, entry)



        
          
        

    

  


  

      

          @spec append_trace(map(), map()) :: map()


      


Appends a custom entry to the trace.

  



  
    
      
    
    
      events(runtime)



        
          
        

    

  


  

      

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


      


Returns the full history list from the runtime.

  



  
    
      
    
    
      events_by(runtime, event_name)



        
          
        

    

  


  

      

          @spec events_by(map(), atom() | String.t()) :: [map()]


      


Returns history entries filtered by event name.

  



  
    
      
    
    
      last_event(runtime)



        
          
        

    

  


  

      

          @spec last_event(map()) :: map() | nil


      


Returns the last history entry, or nil.

  



  
    
      
    
    
      trace(runtime)



        
          
        

    

  


  

      

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


      


Returns the full trace list from the runtime.

  



  
    
      
    
    
      trace_by_kind(runtime, kind)



        
          
        

    

  


  

      

          @spec trace_by_kind(map(), atom() | String.t()) :: [map()]


      


Returns trace entries filtered by kind.

  



  
    
      
    
    
      transition_count(runtime)



        
          
        

    

  


  

      

          @spec transition_count(map()) :: non_neg_integer()


      


Returns the number of state transitions recorded.

  


        

      


  

    
Mobus.Stepwise.IR 
    



      
Normalization helpers for workflow specs compiled into IR.
Normalizes spec shapes to reduce downstream conditionals in the
stepwise engine and pipeline components.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        normalize(spec)

      


        Normalizes a raw workflow spec into the internal representation (IR).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: map()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      normalize(spec)



        
          
        

    

  


  

      

          @spec normalize(map()) :: t()


      


Normalizes a raw workflow spec into the internal representation (IR).
Applies the following normalizations:
	Coerces "stepwise" string profile to :stepwise atom
	Extracts :initial_state from atom or string keys
	Ensures :states and :transitions are maps (converts keyword lists)

This reduces downstream conditionals in engine and pipeline components.
Parameters
	spec — a raw workflow specification map

Returns
	A normalized spec map (IR) with consistent atom keys.

Examples
IR.normalize(%{"profile" => "stepwise", "initial_state" => :step_one, "states" => %{}})
#=> %{profile: :stepwise, initial_state: :step_one, states: %{}, transitions: %{}, ...}

  


        

      


  

    
Mobus.Stepwise.Pipeline.Stepwise 
    



      
Static ALF pipeline for stepwise workflows.
This pipeline interprets the compiled spec (IR) in-band; we do not generate
dynamic pipeline modules for disk-loaded workflows.
The stage order is defined in Mobus.Stepwise.SpecHelpers.pipeline_stage_modules/0
— both the foundation and workflow_stem pipelines reference the same list.

      


      
        Summary


  
    Functions
  


    
      
        alf_components()

      


    


    
      
        call(event, opts \\ [debug: false])

      


    


    
      
        cast(event, opts \\ [debug: false, send_result: false])

      


    


    
      
        components()

      


    


    
      
        ensure_started(opts \\ [])

      


        Ensures the ALF pipeline process is running, starting it if necessary.



    


    
      
        flow(flow, names, opts \\ [debug: false])

      


    


    
      
        start()

      


    


    
      
        start(opts)

      


    


    
      
        started?()

      


    


    
      
        stop()

      


    


    
      
        stream(stream, opts \\ [debug: false])

      


    





      


      
        Functions


        


  
    
      
    
    
      alf_components()



        
          
        

    

  


  


  



    

  
    
      
    
    
      call(event, opts \\ [debug: false])



        
          
        

    

  


  

      

          @spec call(any(), Keyword.t()) :: any() | [any()] | nil


          @spec call(any(), Keyword.t()) :: reference()


      



  



    

  
    
      
    
    
      cast(event, opts \\ [debug: false, send_result: false])



        
          
        

    

  


  


  



  
    
      
    
    
      components()



        
          
        

    

  


  

      

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


      



  



    

  
    
      
    
    
      ensure_started(opts \\ [])



        
          
        

    

  


  

      

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


      


Ensures the ALF pipeline process is running, starting it if necessary.
Checks if the pipeline process is registered. If not, starts it with the
given options. Supports sync: true for deterministic test execution.
Parameters
	opts — keyword list passed to the pipeline's start/1 callback (injected by use ALF.DSL). Common options:	:sync — when true, pipeline runs synchronously (useful for tests)



Returns
	:ok — pipeline is running
	{:error, reason} — pipeline failed to start

Examples
:ok = Stepwise.ensure_started(sync: true)

  



    

  
    
      
    
    
      flow(flow, names, opts \\ [debug: false])



        
          
        

    

  


  

      

          @spec flow(map(), list(), Keyword.t()) :: Enumerable.t()


      



  



  
    
      
    
    
      start()



        
          
        

    

  


  

      

          @spec start() :: :ok


      



  



  
    
      
    
    
      start(opts)



        
          
        

    

  


  

      

          @spec start(list()) :: :ok


      



  



  
    
      
    
    
      started?()



        
          
        

    

  


  

      

          @spec started?() :: true | false


      



  



  
    
      
    
    
      stop()



        
          
        

    

  


  

      

          @spec stop() :: :ok | {:exit, {atom(), any()}}


      



  



    

  
    
      
    
    
      stream(stream, opts \\ [debug: false])



        
          
        

    

  


  

      

          @spec stream(Enumerable.t(), Keyword.t()) :: Enumerable.t()


      



  


        

      


  

    
Mobus.Stepwise.Projection 
    



      
Canonical UI projection contract returned by the stepwise engine.
The projection provides all information needed for a UI layer to render
a wizard step and submit events without understanding workflow logic.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        ui_descriptor()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Mobus.Stepwise.Projection{
  artifacts: map(),
  available_events: [atom() | String.t()],
  blocked_reasons: map(),
  breakpoint_hits: list(),
  current_state: atom() | String.t() | nil,
  errors: [map()],
  execution_id: Mobus.Stepwise.Types.execution_id(),
  extensions: map(),
  profile: Mobus.Stepwise.Types.profile(),
  subscriptions: [String.t()],
  trace: list(),
  ui: ui_descriptor() | nil
}


      



  



  
    
      
    
    
      ui_descriptor()



        
          
        

    

  


  

      

          @type ui_descriptor() :: %{:key => atom() | String.t(), optional(:assigns) => map()}


      



  


        

      


  

    
Mobus.Stepwise.ProjectionHelpers 
    



      
Shared projection helper functions used by all profile projections
(stepwise, FSM, flow).
Extracted to eliminate duplication across projection components.

      


      
        Summary


  
    Functions
  


    
      
        build_extensions(spec, runtime)

      


        Builds the projection extensions map.



    


    
      
        existing_atom(key)

      


        Safe conversion of a binary key to an existing atom. Returns nil
if the atom doesn't exist in the atom table, rather than raising.



    


    
      
        interpolate_topic(template, context)

      


        Replaces {key} placeholders in a topic template with values from
the runtime context. Returns nil if any placeholder is missing or empty.



    


    
      
        subscriptions_for(spec, runtime)

      


        Builds the subscriptions list from spec declarations and runtime context,
prepending the mandatory workflow_execution topic and interpolating
{placeholder} variables from runtime context.



    


    
      
        ui_for(spec, current, runtime)

      


        Resolves a UI descriptor for a given state from the spec definition.



    





      


      
        Functions


        


  
    
      
    
    
      build_extensions(spec, runtime)



        
          
        

    

  


  

      

          @spec build_extensions(map(), map()) :: map()


      


Builds the projection extensions map.
When spec.projection_enricher names a module exporting enrich/2,
it is called with the base extensions and the runtime, and its return
replaces the extensions map. When absent, extensions contain just the
runtime meta (if any).
This is shared so all profiles (stepwise, FSM, flow) can populate
extensions consistently.

  



  
    
      
    
    
      existing_atom(key)



        
          
        

    

  


  

      

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


      


Safe conversion of a binary key to an existing atom. Returns nil
if the atom doesn't exist in the atom table, rather than raising.

  



  
    
      
    
    
      interpolate_topic(template, context)



        
          
        

    

  


  

      

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


      


Replaces {key} placeholders in a topic template with values from
the runtime context. Returns nil if any placeholder is missing or empty.

  



  
    
      
    
    
      subscriptions_for(spec, runtime)



        
          
        

    

  


  

      

          @spec subscriptions_for(map(), map()) :: [String.t()]


      


Builds the subscriptions list from spec declarations and runtime context,
prepending the mandatory workflow_execution topic and interpolating
{placeholder} variables from runtime context.

  



  
    
      
    
    
      ui_for(spec, current, runtime)



        
          
        

    

  


  

      

          @spec ui_for(map(), atom() | String.t(), map()) :: map() | nil


      


Resolves a UI descriptor for a given state from the spec definition.
Looks up state_def.ui with optional key and assigns and merges
in context assigns (context and state). Returns nil if no UI key
is configured for the state.

  


        

      


  

    
Mobus.Stepwise.Result 
    



      
Normalized outcome helpers for engine return values.
The engine returns one of three tuple shapes:
	{:ok, runtime}
	{:wait, runtime, wait_cfg}
	{:error, reason, runtime}

These helpers destructure any of those shapes uniformly,
so orchestration code never hand-parses tuples.

      


      
        Summary


  
    Types
  


    
      
        engine_result()

      


    





  
    Functions
  


    
      
        error?(arg1)

      


        Returns true if the result is an error.



    


    
      
        error_reason(arg1)

      


        Returns the error reason, or nil.



    


    
      
        ok?(arg1)

      


        Returns true if the result is ok.



    


    
      
        runtime(arg)

      


        Extracts the runtime from any engine result shape.



    


    
      
        status(arg)

      


        Returns the status atom: :ok, :wait, or :error.



    


    
      
        wait?(arg1)

      


        Returns true if the result is a wait.



    


    
      
        wait_config(arg1)

      


        Returns the wait configuration, or nil.



    





      


      
        Types


        


  
    
      
    
    
      engine_result()



        
          
        

    

  


  

      

          @type engine_result() ::
  {:ok, map()}
  | {:wait, map(), map()}
  | {:error, term(), map()}
  | {:error, term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      error?(arg1)



        
          
        

    

  


  

      

          @spec error?(engine_result()) :: boolean()


      


Returns true if the result is an error.

  



  
    
      
    
    
      error_reason(arg1)



        
          
        

    

  


  

      

          @spec error_reason(engine_result()) :: term() | nil


      


Returns the error reason, or nil.

  



  
    
      
    
    
      ok?(arg1)



        
          
        

    

  


  

      

          @spec ok?(engine_result()) :: boolean()


      


Returns true if the result is ok.

  



  
    
      
    
    
      runtime(arg)



        
          
        

    

  


  

      

          @spec runtime(engine_result()) :: map() | nil


      


Extracts the runtime from any engine result shape.

  



  
    
      
    
    
      status(arg)



        
          
        

    

  


  

      

          @spec status(engine_result()) :: :ok | :wait | :error


      


Returns the status atom: :ok, :wait, or :error.

  



  
    
      
    
    
      wait?(arg1)



        
          
        

    

  


  

      

          @spec wait?(engine_result()) :: boolean()


      


Returns true if the result is a wait.

  



  
    
      
    
    
      wait_config(arg1)



        
          
        

    

  


  

      

          @spec wait_config(engine_result()) :: term() | nil


      


Returns the wait configuration, or nil.

  


        

      


  

    
Mobus.Stepwise.Runtime 
    



      
Stable accessor helpers for stepwise runtime maps.
Provides deterministic inspection and mutation of runtime state
without depending on internal map structure. Orchestrators should
prefer these helpers over direct map access.
Meta
The :meta field is an open map for orchestration metadata
(session IDs, DAG coordinates, tags, etc.). It survives
checkpoint/restore cycles and is passed read-only to capabilities.
runtime = Runtime.put_meta(runtime, :session_id, "sess-123")
Runtime.get_meta(runtime, :session_id)
#=> "sess-123"

      


      
        Summary


  
    Functions
  


    
      
        artifacts(runtime)

      


        Returns the :artifacts map from the runtime.



    


    
      
        context(runtime)

      


        Returns the :context map from the runtime.



    


    
      
        current_state(runtime)

      


        Returns the :current_state.



    


    
      
        execution_id(runtime)

      


        Returns the :execution_id.



    


    
      
        get_meta(runtime, key, default \\ nil)

      


        Gets a single key from :meta, with optional default.



    


    
      
        merge_context(runtime, map)

      


        Shallow-merges a map into :context.



    


    
      
        merge_meta(runtime, map)

      


        Shallow-merges a map into :meta.



    


    
      
        meta(runtime)

      


        Returns the full :meta map from the runtime.



    


    
      
        overlay_artifacts(runtime, key, value)

      


        Puts a single key into :artifacts (normalized via Artifacts.merge/2).



    


    
      
        overlay_context(runtime, key, value)

      


        Puts a single key into :context.



    


    
      
        put_meta(runtime, key, value)

      


        Puts a single key into :meta.



    


    
      
        tenant_id(runtime)

      


        Returns the :tenant_id.



    





      


      
        Functions


        


  
    
      
    
    
      artifacts(runtime)



        
          
        

    

  


  

      

          @spec artifacts(map()) :: map()


      


Returns the :artifacts map from the runtime.

  



  
    
      
    
    
      context(runtime)



        
          
        

    

  


  

      

          @spec context(map()) :: map()


      


Returns the :context map from the runtime.

  



  
    
      
    
    
      current_state(runtime)



        
          
        

    

  


  

      

          @spec current_state(map()) :: atom() | String.t() | nil


      


Returns the :current_state.

  



  
    
      
    
    
      execution_id(runtime)



        
          
        

    

  


  

      

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


      


Returns the :execution_id.

  



    

  
    
      
    
    
      get_meta(runtime, key, default \\ nil)



        
          
        

    

  


  

      

          @spec get_meta(map(), term(), term()) :: term()


      


Gets a single key from :meta, with optional default.

  



  
    
      
    
    
      merge_context(runtime, map)



        
          
        

    

  


  

      

          @spec merge_context(map(), map()) :: map()


      


Shallow-merges a map into :context.

  



  
    
      
    
    
      merge_meta(runtime, map)



        
          
        

    

  


  

      

          @spec merge_meta(map(), map()) :: map()


      


Shallow-merges a map into :meta.

  



  
    
      
    
    
      meta(runtime)



        
          
        

    

  


  

      

          @spec meta(map()) :: map()


      


Returns the full :meta map from the runtime.

  



  
    
      
    
    
      overlay_artifacts(runtime, key, value)



        
          
        

    

  


  

      

          @spec overlay_artifacts(map(), term(), term()) :: map()


      


Puts a single key into :artifacts (normalized via Artifacts.merge/2).

  



  
    
      
    
    
      overlay_context(runtime, key, value)



        
          
        

    

  


  

      

          @spec overlay_context(map(), term(), term()) :: map()


      


Puts a single key into :context.

  



  
    
      
    
    
      put_meta(runtime, key, value)



        
          
        

    

  


  

      

          @spec put_meta(map(), term(), term()) :: map()


      


Puts a single key into :meta.

  



  
    
      
    
    
      tenant_id(runtime)



        
          
        

    

  


  

      

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


      


Returns the :tenant_id.

  


        

      


  

    
Mobus.Stepwise.SpecHelpers 
    



      
Shared pure functions for inspecting stepwise workflow specs.
Extracted from StepwiseAdvance, StepwiseProjection, and
FsmBreakpoint to eliminate internal duplication. Used by pipeline
components in the foundation; workflow_stem inherits these via
defdelegate.
All functions are pure (no side effects, no process dependency) so
they compose safely in ALF pipeline stages.

      


      
        Summary


  
    Functions
  


    
      
        equivalent_state?(a, b)

      


        Returns true when two state identifiers refer to the same state.



    


    
      
        ordered_steps(spec)

      


        Returns the ordered list of step identifiers for a workflow spec.



    


    
      
        pipeline_stage_modules()

      


        Returns the ordered list of component modules in the canonical stepwise
pipeline.



    





      


      
        Functions


        


  
    
      
    
    
      equivalent_state?(a, b)



        
          
        

    

  


  

      

          @spec equivalent_state?(term(), term()) :: boolean()


      


Returns true when two state identifiers refer to the same state.
Compares atoms directly, binaries directly, and cross-compares
atom/binary via Atom.to_string/1.
Examples
iex> equivalent_state?(:greeting, :greeting)
true

iex> equivalent_state?(:greeting, "greeting")
true

iex> equivalent_state?(:greeting, :problem_solving)
false

  



  
    
      
    
    
      ordered_steps(spec)



        
          
        

    

  


  

      

          @spec ordered_steps(map()) :: [atom() | String.t()]


      


Returns the ordered list of step identifiers for a workflow spec.
Order is derived from:
	spec.steps when present and non-empty (explicit order)
	spec.states sorted by step_number (or step) ascending, otherwise
insertion order

Returns [] when the spec has no steps or states.
Examples
iex> ordered_steps(%{steps: [:a, :b, :c]})
[:a, :b, :c]

  



  
    
      
    
    
      pipeline_stage_modules()



        
          
        

    

  


  

      

          @spec pipeline_stage_modules() :: [module()]


      


Returns the ordered list of component modules in the canonical stepwise
pipeline.
Both Mobus.Stepwise.Pipeline.Stepwise and WorkflowStem.Pipelines.Stepwise
derive their @components from this function, guaranteeing a single source
of truth for the pipeline stage order.
Order matters — changing this list changes the pipeline for ALL consumers.

  


        

      


  

    
Mobus.Stepwise.Telemetry 
    



      
Telemetry integration for the stepwise engine.
All engine lifecycle phases emit :telemetry span events
(:start, :stop, :exception suffixes).
Engine spans
	[:mobus_stepwise, :engine, :init]
	[:mobus_stepwise, :engine, :handle_event]
	[:mobus_stepwise, :engine, :restore]

Pipeline events
	[:mobus_stepwise, :pipeline, :action, :start | :stop | :exception]


Metadata
All events include:
	:execution_id
	:tenant_id
	:current_state
	:meta — the full orchestration metadata map

Engine handle_event spans also include:
	:event — the event name
	:status — outcome (:ok, :wait, :error)

Example
:telemetry.attach(
  "my-handler",
  [:mobus_stepwise, :engine, :handle_event, :stop],
  fn _event, measurements, metadata, _config ->
    Logger.info("Event processed in #{measurements.duration}ns")
  end,
  nil
)

      


      
        Summary


  
    Functions
  


    
      
        events()

      


        Returns all telemetry event prefixes emitted by the engine.



    





      


      
        Functions


        


  
    
      
    
    
      events()



        
          
        

    

  


  

      

          @spec events() :: [[atom()]]


      


Returns all telemetry event prefixes emitted by the engine.

  


        

      


  

    
Mobus.Stepwise.Types 
    



      
Canonical types for the stepwise engine.
Defines the shared type vocabulary used across engine, pipeline,
and component modules.

      


      
        Summary


  
    Types
  


    
      
        event()

      


    


    
      
        execution_id()

      


    


    
      
        ir()

      


    


    
      
        meta()

      


    


    
      
        payload()

      


    


    
      
        profile()

      


    


    
      
        reason()

      


    


    
      
        runtime()

      


    


    
      
        runtime_context()

      


    


    
      
        spec()

      


    


    
      
        tenant_id()

      


    


    
      
        wait_cfg()

      


    





      


      
        Types


        


  
    
      
    
    
      event()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      execution_id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      ir()



        
          
        

    

  


  

      

          @type ir() :: map()


      



  



  
    
      
    
    
      meta()



        
          
        

    

  


  

      

          @type meta() :: map()


      



  



  
    
      
    
    
      payload()



        
          
        

    

  


  

      

          @type payload() :: map()


      



  



  
    
      
    
    
      profile()



        
          
        

    

  


  

      

          @type profile() :: :stepwise


      



  



  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: term()


      



  



  
    
      
    
    
      runtime()



        
          
        

    

  


  

      

          @type runtime() :: map()


      



  



  
    
      
    
    
      runtime_context()



        
          
        

    

  


  

      

          @type runtime_context() :: map()


      



  



  
    
      
    
    
      spec()



        
          
        

    

  


  

      

          @type spec() :: map()


      



  



  
    
      
    
    
      tenant_id()



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      wait_cfg()



        
          
        

    

  


  

      

          @type wait_cfg() :: map()
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