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    Spex

Spex is an Elixir library for checking whether a system behaves like its specification.
It lets you describe expected behaviour as a labelled transition system, observe
real transitions at runtime or during tests, derive an implementation model from
those observations, and compare the result against the specification in terms of
behavioural equivalence. In this sense, Spex brings a portion of formal verification
theory to Elixir practice and can help you detect whether your implementation 
deviates from a given specification of a workflow or protocol.
What Spex Does
Spex combines a few pieces into one workflow:
	A DSL for defining specifications as labelled transition systems.
	Runtime APIs for tracking instance lifecycles and observed transitions.
	Persistent implementation model storage in .spex files.
	Offline verification with mix spex.

This makes it possible to use Spex in two complementary ways:
	online, while your application is running,
	offline, by deriving models from tests and checking them afterwards.

Typical Workflow
1. Define a specification
defmodule MyApp.OrderSpec do
  use Spex.Specification,
    transition_timeout: 30_000,
    prune_timeout: %Duration{hour: 1},
    prunable_states: :terminal

  def_transition :new, :pay, :paid
  def_transition :paid, :ship, :shipped
  def_transition :paid, :cancel, :cancelled
end
2. Start Spex
You can either let Spex run as its own OTP application, or add it explicitly to
your supervision tree.
If you want explicit control, you can supervise:
	Spex
	Spex.InstanceManager.SimpleInstanceManager
	Spex.InstanceManager.DistributedInstanceManager

Example:
children = [
  {Spex.InstanceManager.SimpleInstanceManager,
   impl_models_dir: "./spex_impl_models",
   dets_dir: "./spex_dets"}
]
If you choose to supervise Spex this way, you should configure the dependency 
with runtime: false.
3. Observe real behaviour
Spex.init_instance!(MyApp.OrderSpec, :order_123)
Spex.transition!(:order_123, :pay, :paid)
Spex.transition!(:order_123, :ship, :shipped)
Spex records the observed transitions, updates the implementation model, and can
report deviations or timeouts through the specification error handler.
4. Check derived models offline
Spex can export implementation models as .spex files and verify them with the
Mix task:
mix spex

or:
mix spex path/to/impl_models

This is especially useful in CI or after a test suite has produced derived
models.
Deriving ImplModels From Tests
One of the main use cases for Spex is deriving implementation models from test
execution and then validating them afterwards.
Use Spex.Testing.prepare_for_test_suite/1 in your test setup:
# test/test_helper.exs
Spex.Testing.prepare_for_test_suite(
  impl_models_dir: "./test_meta/impl_models/live"
)
Then run your tests as normal. After the suite finishes, Spex exports the
derived models. From there, mix spex becomes the verification step that tells
you whether the observed behaviour is still bisimilar to the specification.
Why Branching Bisimilarity?
Spex does not just compare raw transition lists.
It uses branching bisimilarity, which is useful when implementations contain
internal transitions that should not count as observable deviations. This lets
you distinguish between:
	harmless internal implementation detail,
	genuine behavioural change.

That is the key idea behind the library: treat specifications as executable,
checkable behavioural contracts instead of static documentation.
Theoretical Background
Spex is motivated by ideas from concurrency theory and behavioural semantics.
At a high level, the library treats a system as a labelled transition system
(LTS): a set of states connected by observable actions and, optionally,
internal steps. From there, the natural question is not just whether two
systems have the same implementation, but whether they exhibit the same
observable behaviour.
That is where behavioural equivalence comes in. In Spex, the main notion is
bisimilarity, and more specifically branching bisimilarity. This matters because
real systems often contain internal transitions that should not count as user-
visible deviations. Two implementations may differ operationally while still
being behaviourally equivalent.
You can also think of Spex as living near refinement checking:
	the specification defines allowed behaviour,
	the derived implementation model captures observed behaviour,
	the checker asks whether the implementation still refines the intent of the
specification under the chosen equivalence notion.

Spex does not aim to be a full model checker or a theorem prover. The goal is
more pragmatic: bring a useful slice of formal behavioural reasoning into an
ordinary Elixir workflow.
If those topics are new to you, the most relevant search terms are:
	concurrency theory
	labelled transition systems
	behavioural equivalence
	bisimilarity
	branching bisimilarity
	refinement checking

Documentation
The main documentation lives in the moduledocs and is intended to be published
with ExDoc.
The most important entry points are:
	Spex for high-level usage and integration
	Spex.Specification for defining specifications
	Spex.InstanceManager for manager behaviour and callbacks
	Spex.InstanceManager.SimpleInstanceManager for the single-node runtime
	Spex.InstanceManager.DistributedInstanceManager for the sharded runtime
	Spex.Testing for test integration
	Mix.Tasks.Spex for offline verification

Note that Spex is in its early stages. This documentation will be expanded and possibly rewritten in the near future, as it is in large parts AI-generated as of now, which I'm not a huge fan of, to be honest, but judged to be good enough for a first release.
Installation
Add spex to your dependencies:
def deps do
  [
    {:lts_spex, "~> 0.1.0"}
  ]
end
Note that the package name is :lts_spex rather than just :spex, since that was already taken (which I realised only after becoming attached to the name). Since the latter package is unmaintained and little used, I decided to keep the namespace simply as Spex.
If you plan to supervise Spex yourself, you can also choose a runtime: false
integration style and add Spex or one of the instance managers to your own
supervision tree explicitly.
Credits
Spex uses a NIF written in Rust to perform the bisimilarity check. Concretely, the crate merc_reduction is used. I want to thank Maurice Laveaux for implementing this efficient tool and making it available!
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Entry point for Spex runtime APIs and high-level integration.
Spex tracks observed runtime behaviour as implementation models and compares
those models to declarative specifications (LTSs). It is designed for:
	online runtime observation (init_instance*, transition*),
	detection/reporting of behavioural deviations,
	export and offline checking of derived implementation models.

Quick Start
	Define one or more specifications with Spex.Specification.
	Start Spex (or an instance manager) under a supervisor.
	Initialize instances with init_instance/4.
	Feed observed transitions with transition/3.

Minimal usage example:
:ok = Spex.init_instance(MySpec, :order_123)
:ok = Spex.transition(:order_123, :pay, :paid)
:ok = Spex.transition(:order_123, :ship, :shipped)
How To Start Spex
There are two primary integration styles.
1) Spex As Its Own OTP Application
This is the usual setup when the dependency is started normally
(runtime: true, default). Your app depends on Spex and Spex boots its own
supervision tree.
2) Explicit Supervision (runtime: false)
If Spex is configured with runtime: false, add either Spex or a concrete
instance manager directly to your supervision tree:
children = [
  Spex
]
or:
children = [
  {Spex.InstanceManager.SimpleInstanceManager,
   impl_models_dir: "./spex_impl_models",
   dets_dir: "./spex_dets"}
]
or:
children = [
  {Spex.InstanceManager.DistributedInstanceManager,
   distribution_factor: 8,
   impl_models_dir: "./spex_impl_models",
   dets_dir: "./spex_dets"}
]
Online Production Usage
In production, call init_instance/4 when a domain entity begins its tracked
lifecycle, then call transition/3 for each observed state change.
Behavioural checks and error handling are driven by the underlying
specification (error_handler/2, timeout settings, pruning rules).
ImplModel Derivation During Tests
Spex can derive implementation models from test execution and persist them as
.spex files. The main purpose of this derivation flow is to run offline
bisimilarity checks with the mix spex task.
Typical flow:
	call Spex.Testing.prepare_for_test_suite/1 in test setup,
	run tests while using normal Spex APIs,
	after suite completion, derived models are exported,
	run mix spex (or mix spex <path>) to validate derived models.

Example:
# test/test_helper.exs
Spex.Testing.prepare_for_test_suite(impl_models_dir: "./test_meta/impl_models/live")

# CI or local verification
# Uses configured :impl_models_dir when no path is given
mix spex
Configuration Entry Point
This module delegates to a compile-time default instance manager selected via
config :spex, :instance_manager.
Accepted forms are:
	MyManagerModule
	{MyManagerModule, manager_opts}

Documentation Map
	Spex.Specification: define specifications and options.
	Spex.InstanceManager: behaviour contract for manager implementations.
	Spex.InstanceManager.SimpleInstanceManager: single-node manager setup.
	Spex.InstanceManager.DistributedInstanceManager: sharded manager setup.
	Spex.Testing: test helpers and suite-level model export.
	Spex.ImplModel / Spex.ImplModelStore: model representation and storage.
	Spex.BisimilarityChecker: bisimilarity validation internals.
	Mix.Tasks.Spex: offline bisimilarity checks over saved .spex files.


      


      
        Summary


  
    Types
  


    
      
        action()

      


        Action label on transitions.



    


    
      
        state()

      


        State label used in specifications and runtime observations.



    


    
      
        transition()

      


        A labelled transition tuple {from_state, action, to_state}.



    





  
    Functions
  


    
      
        child_spec(opts)

      


    


    
      
        export_impl_models()

      


        See Spex.InstanceManager.SimpleInstanceManager.export_impl_models/0.



    


    
      
        init_instance(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        See Spex.InstanceManager.SimpleInstanceManager.init_instance/4.



    


    
      
        init_instance!(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        See Spex.InstanceManager.SimpleInstanceManager.init_instance!/4.



    


    
      
        init_instance_async(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        See Spex.InstanceManager.SimpleInstanceManager.init_instance_async/4.



    


    
      
        transition(instance_identifier, action, state)

      


        See Spex.InstanceManager.SimpleInstanceManager.transition/3.



    


    
      
        transition!(instance_identifier, action, state)

      


        See Spex.InstanceManager.SimpleInstanceManager.transition!/3.



    


    
      
        transition_async(instance_identifier, action, state)

      


        See Spex.InstanceManager.SimpleInstanceManager.transition_async/3.



    





      


      
        Types


        


  
    
      
    
    
      action()



        
          
        

    

  


  

      

          @type action() :: atom()


      


Action label on transitions.
Conventional reserved actions used internally by Spex are:
	:__internal__ for unobservable/internal steps,
	:__initialisation__ for synthetic instance initialization transitions.
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State label used in specifications and runtime observations.
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A labelled transition tuple {from_state, action, to_state}.
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See Spex.InstanceManager.SimpleInstanceManager.init_instance_async/4.
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Application entrypoint for starting the Spex supervision tree.
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Compares implementation models against specifications via branching bisimilarity.
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        Compares an ImplModel against a Specification using bisimilarity checking.
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          @spec bisimilar_to_specification?(Spex.ImplModel.t()) :: boolean()


      


Compares an ImplModel against a Specification using bisimilarity checking.
Returns true if the implementation model is bisimilar to the specification,
false otherwise.
Parameters
	impl_model: A %Spex.ImplModel{} struct containing observed transitions
	specification: A module implementing the Spex.Specification behaviour

Examples
iex> impl_model = %Spex.ImplModel{...}
iex> Spex.BisimilarityChecker.bisimilar_to_specification?(impl_model, MySpecification)
true
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Rust NIF wrapper used to execute bisimilarity checks.

      


      
        Summary


  
    Functions
  


    
      
        compare_bisimilarity(impl_data, spec_data)

      


        Compares implementation and specification LTS data for branching bisimilarity.
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          @spec compare_bisimilarity(impl_data, spec_data) :: boolean()
when impl_data: {[Spex.transition()], Spex.state()},
     spec_data:
       {[Spex.state()], [Spex.action()], [Spex.transition()], Spex.state()}


      


Compares implementation and specification LTS data for branching bisimilarity.

  


        

      


  

    
Spex.Errors 
    



      
Error types used across Spex runtime and persistence boundaries.
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Alias type wrapper for file-system errors represented by File.Error.
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          @type t() :: %File.Error{
  __exception__: true,
  action: term(),
  path: term(),
  reason: term()
}
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Macro for defining Spex exception modules with typed reasons and context.
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Represents the observed implementation model built from runtime transitions.

      


      
        Summary


  
    Types
  


    
      
        observation_status()

      


    


    
      
        serialisation()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        deserialise(serialisation)

      


        Deserialises .spex content into an implementation model.



    


    
      
        initialise(specification)

      


        Creates an empty implementation model for a specification in learning mode.



    


    
      
        observe_transition(impl_model, transition)
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  :ok | :deviation_still_bisimilar | :deviation_not_bisimilar
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          @type t() :: %Spex.ImplModel{
  learning_mode?: boolean(),
  specification: Spex.Specification.t(),
  transitions: MapSet.t(Spex.transition())
}
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  {:ok, t()} | {:error, Spex.Errors.ImplModelError.t()}


      


Deserialises .spex content into an implementation model.
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          @spec initialise(Spex.Specification.t()) :: t()


      


Creates an empty implementation model for a specification in learning mode.
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          @spec observe_transition(t(), Spex.transition()) :: {observation_status(), t()}


      


Observes a transition and returns its status and resulting model.
In learning mode, the transition is added. Outside learning mode, the model
is checked for bisimilarity impact without mutating stored transitions.
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Serialises an implementation model into .spex text format.
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Loads and persists implementation models in .spex file format.
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          @spec load(Path.t()) ::
  {:ok, [Spex.ImplModel.t()]} | {:error, Spex.Errors.FileError.t()}


      


Loads all .spex models from a directory or a single file path.
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  :ok | {:error, [Spex.Errors.FileError.t()]}


      


Saves implementation models to the target directory.
Returns all write errors if one or more files fail to persist.
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        init_instance_async(t, instance_identifier, arg3, arg4)

      


        Asynchronously initializes a new instance.



    


    
      
        mock_instance!(t, instance_identifier, state, arg4)

      


        Inserts or updates a mock instance at a given state for testing purposes.



    


    
      
        start_link(list)
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        Same as transition/3, but raises on errors.



    


    
      
        transition_async(instance_identifier, action, state)

      


        Asynchronously records a transition for an existing instance.



    





  
    Functions
  


    
      
        __using__(_)

      


        Injects the Spex.InstanceManager behaviour and shared convenience functions.



    


    
      
        default_instance_manager()

      


        Returns the compile-time configured default instance manager module.



    


    
      
        default_instance_manager_opts()

      


        Returns compile-time options for the default instance manager.



    





      


      
        Types


        


  
    
      
    
    
      instance_manager_opt()



        
          
        

    

  


  

      

          @type instance_manager_opt() ::
  Spex.InstanceManager.Server.server_opt() | (other_opt :: {atom(), term()})


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      all_impl_models()



        
          
        

    

  


  

      

          @callback all_impl_models() :: {:ok, [Spex.ImplModel.t()]}


      


Returns all currently known implementation models.
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Returns all instances managed by this instance manager.
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          @callback child_spec(term()) :: Supervisor.child_spec()


      


Returns a child spec for supervising the instance manager.
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  :ok | {:error, Spex.Errors.DetsError.t()}


      


Deletes one instance by identifier.
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          @callback delete_instances((Spex.InstanceManager.Instance.t() -> as_boolean(term()))) ::
  :ok | {:error, Spex.Errors.DetsError.t()}


      


Deletes all instances matching the provided filter function.
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  {:ok, [{filename :: String.t(), Spex.ImplModel.serialisation()}]}


      


Serialises and exports implementation models as {filename, content} tuples.
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  {:ok, Spex.InstanceManager.Instance.t()}
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Fetches one instance by identifier.
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  Spex.InstanceManager.Instance.instance_identifier(),
  Spex.InstanceManager.Instance.meta() | nil,
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Initializes a new instance and records initialisation as the first transition.
Returns :ok on success or an error-handler return when initialization fails.
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  Spex.Specification.t(),
  Spex.InstanceManager.Instance.instance_identifier(),
  Spex.InstanceManager.Instance.meta() | nil,
  Spex.state() | nil
) :: :ok


      


Same as init_instance/4, but raises on errors.
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          @callback init_instance_async(
  Spex.Specification.t(),
  Spex.InstanceManager.Instance.instance_identifier(),
  Spex.InstanceManager.Instance.meta() | nil,
  Spex.state() | nil
) :: :ok


      


Asynchronously initializes a new instance.
Errors are reported via specification error handling instead of direct return.
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          @callback mock_instance!(
  Spex.Specification.t(),
  Spex.InstanceManager.Instance.instance_identifier(),
  Spex.state(),
  Spex.InstanceManager.Instance.meta() | nil
) :: :ok


      


Inserts or updates a mock instance at a given state for testing purposes.
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          @callback start_link([instance_manager_opt()]) :: Supervisor.on_start()


      


Starts the instance manager process tree.

  



  
    
      
    
    
      transition(instance_identifier, action, state)



        
          
        

    

  


  

      

          @callback transition(
  Spex.InstanceManager.Instance.instance_identifier(),
  Spex.action(),
  Spex.state()
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Records an observed transition for an existing instance.
Returns :ok on success or an error-handler return when validation/storage fails.
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Same as transition/3, but raises on errors.

  



  
    
      
    
    
      transition_async(instance_identifier, action, state)


        (optional)


        
          
        

    

  


  

      

          @callback transition_async(
  Spex.InstanceManager.Instance.instance_identifier(),
  Spex.action(),
  Spex.state()
) :: :ok


      


Asynchronously records a transition for an existing instance.

  


        

      

      
        Functions


        


  
    
      
    
    
      __using__(_)


        (macro)


        
          
        

    

  


  

Injects the Spex.InstanceManager behaviour and shared convenience functions.
Generated convenience functions:
	child_spec/1
	init_instance!/4
	transition!/3


  



  
    
      
    
    
      default_instance_manager()



        
          
        

    

  


  

      

          @spec default_instance_manager() :: module()


      


Returns the compile-time configured default instance manager module.

  



  
    
      
    
    
      default_instance_manager_opts()



        
          
        

    

  


  

      

          @spec default_instance_manager_opts() :: keyword()


      


Returns compile-time options for the default instance manager.

  


        

      


  

    
Spex.InstanceManager.DistributedInstanceManager 
    



      
Instance manager that shards instances across multiple
Spex.InstanceManager.Server processes.
This manager hashes each instance identifier and routes operations to one of
several server shards. It is useful when you want to reduce contention versus
a single-manager setup while preserving the same high-level API.
This module is designed to be added directly to your supervision tree:
children = [
  {Spex.InstanceManager.DistributedInstanceManager,
   distribution_factor: 8,
   impl_models_dir: "./spex_impl_models",
   dets_dir: "./spex_dets"}
]
You may pass options at startup or configure them in application config.
Configuration
This manager accepts one distribution-specific option plus server options
forwarded to each shard (Spex.InstanceManager.Server.server_opt()).
	:distribution_factor (pos_integer())
Number of server shards.
Default: 4.
Must be a positive integer; otherwise start_link/1 raises
ArgumentError.

Forwarded server options:
	:impl_models_dir (String.t())
Directory from which .spex impl models are loaded.
Each shard loads from the same directory at startup.
Default: "./spex_impl_models".

	:dets_dir (String.t())
Base directory for shard DETS files.
Default: "./spex_dets".

	:check_transition_timeouts_on_start? (boolean())
Enables startup timeout checks per shard.
Default: true.

	:prune_interval (timeout())
Periodic pruning interval per shard.
Default: to_timeout(%Duration{hour: 6}).


Pruning semantics per shard:
	one prune pass is always executed immediately on shard startup,
	when :prune_interval != :infinity, additional periodic prune passes are
scheduled,
	when :prune_interval == :infinity, no periodic passes are scheduled after
the initial startup pass.

Internal shard detail:
	:dets_table is set per shard by this module
(Spex.InstanceManager.DistributedInstanceManager.Server_<n>), so callers
should not provide it.

Option Resolution Order
For forwarded server options, each shard resolves values in this order:
	option passed to this manager at startup,
	application environment key under :spex,
	server default.

Routing Semantics
Instance routing is deterministic:
	hash = :erlang.phash2(instance_identifier)
	shard index = rem(hash, distribution_factor) + 1

All operations for a given instance identifier are routed to the same shard.
Methods that aggregate globally (all_instances/0, all_instances/1,
delete_instances/1, all_impl_models/0) query all shards and combine the
results.
Application Config Example
config :spex,
  impl_models_dir: "./priv/spex_impl_models",
  dets_dir: "./priv/spex_dets",
  check_transition_timeouts_on_start?: true,
  prune_interval: :timer.hours(6)

      


      
        Summary


  
    Functions
  


    
      
        all_impl_models()

      


        Callback implementation for Spex.InstanceManager.all_impl_models/0.



    


    
      
        all_instances()

      


        Callback implementation for Spex.InstanceManager.all_instances/0.



    


    
      
        all_instances(specification)

      


        Callback implementation for Spex.InstanceManager.all_instances/1.



    


    
      
        child_spec(opts)

      


        Callback implementation for Spex.InstanceManager.child_spec/1.



    


    
      
        delete_instance(instance_identifier)

      


        Callback implementation for Spex.InstanceManager.delete_instance/1.



    


    
      
        delete_instances(filter_fun)

      


        Callback implementation for Spex.InstanceManager.delete_instances/1.



    


    
      
        export_impl_models()

      


        Callback implementation for Spex.InstanceManager.export_impl_models/0.



    


    
      
        get_instance(instance_identifier)

      


        Callback implementation for Spex.InstanceManager.get_instance/1.



    


    
      
        init_instance(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        Callback implementation for Spex.InstanceManager.init_instance/4.



    


    
      
        init_instance!(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        Callback implementation for Spex.InstanceManager.init_instance!/4.



    


    
      
        init_instance_async(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        Callback implementation for Spex.InstanceManager.init_instance_async/4.



    


    
      
        mock_instance!(spec, instance_identifier, state, meta \\ nil)

      


        Callback implementation for Spex.InstanceManager.mock_instance!/4.



    


    
      
        start_link(opts)

      


        Callback implementation for Spex.InstanceManager.start_link/1.



    


    
      
        transition(instance_identifier, action, state)

      


        Callback implementation for Spex.InstanceManager.transition/3.



    


    
      
        transition!(instance_identifier, action, state)

      


        Callback implementation for Spex.InstanceManager.transition!/3.



    


    
      
        transition_async(instance_identifier, action, state)

      


        Callback implementation for Spex.InstanceManager.transition_async/3.



    





      


      
        Functions


        


  
    
      
    
    
      all_impl_models()



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.all_impl_models/0.

  



  
    
      
    
    
      all_instances()



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.all_instances/0.

  



  
    
      
    
    
      all_instances(specification)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.all_instances/1.

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.child_spec/1.

  



  
    
      
    
    
      delete_instance(instance_identifier)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.delete_instance/1.

  



  
    
      
    
    
      delete_instances(filter_fun)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.delete_instances/1.

  



  
    
      
    
    
      export_impl_models()



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.export_impl_models/0.

  



  
    
      
    
    
      get_instance(instance_identifier)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.get_instance/1.

  



    

    

  
    
      
    
    
      init_instance(spec, instance_identifier, meta \\ nil, initial_state \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.init_instance/4.

  



    

    

  
    
      
    
    
      init_instance!(spec, instance_identifier, meta \\ nil, initial_state \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.init_instance!/4.

  



    

    

  
    
      
    
    
      init_instance_async(spec, instance_identifier, meta \\ nil, initial_state \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.init_instance_async/4.

  



    

  
    
      
    
    
      mock_instance!(spec, instance_identifier, state, meta \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.mock_instance!/4.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.start_link/1.

  



  
    
      
    
    
      transition(instance_identifier, action, state)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.transition/3.

  



  
    
      
    
    
      transition!(instance_identifier, action, state)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.transition!/3.

  



  
    
      
    
    
      transition_async(instance_identifier, action, state)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.transition_async/3.

  


        

      


  

    
Spex.InstanceManager.DistributedInstanceManager.DistributionFactorState 
    



      
Agent storing the configured distribution factor.

      


      
        Summary


  
    Types
  


    
      
        distribution_factor()

      


    





  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get()

      


        Returns the currently configured distribution factor.



    


    
      
        start_link(df)

      


        Starts the distribution-factor agent.



    





      


      
        Types


        


  
    
      
    
    
      distribution_factor()



        
          
        

    

  


  

      

          @type distribution_factor() :: non_neg_integer()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      get()



        
          
        

    

  


  

      

          @spec get() :: distribution_factor()


      


Returns the currently configured distribution factor.

  



  
    
      
    
    
      start_link(df)



        
          
        

    

  


  

      

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


      


Starts the distribution-factor agent.

  


        

      


  

    
Spex.InstanceManager.Instance 
    



      
Runtime representation of a specification instance and its observed history.

      


      
        Summary


  
    Types
  


    
      
        instance_identifier()

      


    


    
      
        meta()

      


    


    
      
        t()

      


    


    
      
        transition_record()

      


    





  
    Functions
  


    
      
        beyond_transition_timeout?(instance, now \\ DateTime.utc_now())

      


        Returns whether the instance exceeded its specification transition timeout.



    


    
      
        initialise(specification, identifier, meta)

      


        Initialises a new instance with an empty transition history.



    


    
      
        observe_transition(instance, action, to_state)

      


        Records an observed transition and updates the current state.



    


    
      
        prunable?(instance)

      


        Returns whether the instance is currently eligible for pruning.



    





      


      
        Types


        


  
    
      
    
    
      instance_identifier()



        
          
        

    

  


  

      

          @type instance_identifier() :: term()


      



  



  
    
      
    
    
      meta()



        
          
        

    

  


  

      

          @type meta() :: map()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Spex.InstanceManager.Instance{
  current_state: Spex.state() | nil,
  identifier: instance_identifier(),
  meta: meta() | nil,
  specification: Spex.Specification.t(),
  transitions: [transition_record()]
}


      



  



  
    
      
    
    
      transition_record()



        
          
        

    

  


  

      

          @type transition_record() ::
  {action :: Spex.action(), to_state :: Spex.state(), timestamp :: DateTime.t()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      beyond_transition_timeout?(instance, now \\ DateTime.utc_now())



        
          
        

    

  


  

      

          @spec beyond_transition_timeout?(t(), DateTime.t()) :: boolean()


      


Returns whether the instance exceeded its specification transition timeout.

  



  
    
      
    
    
      initialise(specification, identifier, meta)



        
          
        

    

  


  

      

          @spec initialise(Spex.Specification.t(), instance_identifier(), meta() | nil) :: t()


      


Initialises a new instance with an empty transition history.

  



  
    
      
    
    
      observe_transition(instance, action, to_state)



        
          
        

    

  


  

      

          @spec observe_transition(t(), Spex.action(), Spex.state()) :: t()


      


Records an observed transition and updates the current state.

  



  
    
      
    
    
      prunable?(instance)



        
          
        

    

  


  

      

          @spec prunable?(t()) :: boolean()


      


Returns whether the instance is currently eligible for pruning.

  


        

      


  

    
Spex.InstanceManager.InstanceStore 
    



      
Abstraction layer for instance storage using DETS.

      


      
        Summary


  
    Types
  


    
      
        instance_hash()

      


    





  
    Functions
  


    
      
        all(dets_table)

      


        Gets all instances.



    


    
      
        all(dets_table, specification)

      


        Gets all instances for a specific specification.



    


    
      
        close(dets_table)

      


        Closes the DETS table.



    


    
      
        delete(dets_table, instance_identifier)

      


        Deletes an instance by hash.



    


    
      
        delete_matching(dets_table, filter_fun)

      


        Deletes instances matching the given filter function.



    


    
      
        exists?(dets_table, instance_identifier)

      


        Checks if an instance exists for the given hash.



    


    
      
        get(dets_table, instance_identifier)

      


        Gets an instance by hash.



    


    
      
        init(dets_table, dets_dir)

      


        Initializes the DETS table for storing instances.



    


    
      
        put(dets_table, instance)

      


        Stores an instance with the given hash.



    


    
      
        traverse(dets_table, fun)

      


        Traverses all instances with the given function.



    


    
      
        truncate(dets_table)

      


        Deletes all instances from the DETS table.



    





      


      
        Types


        


  
    
      
    
    
      instance_hash()



        
          
        

    

  


  

      

          @type instance_hash() :: non_neg_integer()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all(dets_table)



        
          
        

    

  


  

      

          @spec all(:dets.tab_name()) :: {:ok, list()} | {:error, Spex.Errors.DetsError.t()}


      


Gets all instances.

  



  
    
      
    
    
      all(dets_table, specification)



        
          
        

    

  


  

      

          @spec all(:dets.tab_name(), module()) ::
  {:ok, list()} | {:error, Spex.Errors.DetsError.t()}


      


Gets all instances for a specific specification.

  



  
    
      
    
    
      close(dets_table)



        
          
        

    

  


  

      

          @spec close(:dets.tab_name()) :: :ok | {:error, Spex.Errors.DetsError.t()}


      


Closes the DETS table.

  



  
    
      
    
    
      delete(dets_table, instance_identifier)



        
          
        

    

  


  

      

          @spec delete(:dets.tab_name(), Spex.InstanceManager.Instance.instance_identifier()) ::
  :ok | {:error, Spex.Errors.DetsError.t()}


      


Deletes an instance by hash.

  



  
    
      
    
    
      delete_matching(dets_table, filter_fun)



        
          
        

    

  


  

      

          @spec delete_matching(:dets.tab_name(), (Spex.InstanceManager.Instance.t() ->
                                     as_boolean(term()))) ::
  :ok | {:error, Spex.Errors.DetsError.t()}


      


Deletes instances matching the given filter function.

  



  
    
      
    
    
      exists?(dets_table, instance_identifier)



        
          
        

    

  


  

      

          @spec exists?(:dets.tab_name(), Spex.InstanceManager.Instance.instance_identifier()) ::
  {:ok, boolean()} | {:error, Spex.Errors.DetsError.t()}


      


Checks if an instance exists for the given hash.

  



  
    
      
    
    
      get(dets_table, instance_identifier)



        
          
        

    

  


  

      

          @spec get(:dets.tab_name(), Spex.InstanceManager.Instance.instance_identifier()) ::
  {:ok, Spex.InstanceManager.Instance.t()}
  | {:error, Spex.Errors.InstanceError.t()}
  | {:error, Spex.Errors.DetsError.t()}


      


Gets an instance by hash.

  



  
    
      
    
    
      init(dets_table, dets_dir)



        
          
        

    

  


  

      

          @spec init(:dets.tab_name(), Path.t()) ::
  :ok | {:error, Spex.Errors.DetsError.t() | Spex.Errors.FileError.t()}


      


Initializes the DETS table for storing instances.

  



  
    
      
    
    
      put(dets_table, instance)



        
          
        

    

  


  

      

          @spec put(:dets.tab_name(), Spex.InstanceManager.Instance.t()) ::
  :ok | {:error, Spex.Errors.DetsError.t()}


      


Stores an instance with the given hash.

  



  
    
      
    
    
      traverse(dets_table, fun)



        
          
        

    

  


  

      

          @spec traverse(:dets.tab_name(), (Spex.InstanceManager.Instance.t() -> term())) ::
  :ok | {:error, Spex.Errors.DetsError.t()}


      


Traverses all instances with the given function.

  



  
    
      
    
    
      truncate(dets_table)



        
          
        

    

  


  

      

          @spec truncate(:dets.tab_name()) :: :ok | {:error, Spex.Errors.DetsError.t()}


      


Deletes all instances from the DETS table.

  


        

      


  

    
Spex.InstanceManager.Server 
    



      
Core GenServer that manages instances and implementation-model observation.
This process is the stateful runtime engine behind both simple and
distributed instance managers.
Responsibilities include:
	loading implementation models on startup,
	storing and retrieving instances via Spex.InstanceManager.InstanceStore,
	validating observed transitions against implementation models,
	scheduling transition timeout checks,
	pruning stale instances.


      


      
        Summary


  
    Types
  


    
      
        impl_models_map()

      


    


    
      
        server_opt()

      


    


    
      
        server_state()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Types


        


  
    
      
    
    
      impl_models_map()



        
          
        

    

  


  

      

          @type impl_models_map() :: %{optional(Spex.Specification.t()) => Spex.ImplModel.t()}


      



  



  
    
      
    
    
      server_opt()



        
          
        

    

  


  

      

          @type server_opt() ::
  {:impl_models_dir, String.t()}
  | {:dets_table, atom()}
  | {:dets_dir, String.t()}
  | {:check_transition_timeouts_on_start?, boolean()}
  | {:prune_interval, timeout()}


      



  



  
    
      
    
    
      server_state()



        
          
        

    

  


  

      

          @type server_state() :: %{
  dets_table: atom(),
  impl_models: impl_models_map(),
  prune_interval: timeout()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
Spex.InstanceManager.SimpleInstanceManager 
    



      
Single-node instance manager backed by one Spex.InstanceManager.Server process.
Use this manager when you want all instance operations handled by a single
GenServer and a single DETS table.
This module is designed to be added directly to your supervision tree, e.g.
via child_spec/1:
children = [
  {Spex.InstanceManager.SimpleInstanceManager,
   impl_models_dir: "./spex_impl_models",
   dets_dir: "./spex_dets"}
]
You may provide runtime options when starting this manager, or provide the
same values via application environment (config/*.exs).
Configuration
SimpleInstanceManager forwards server options to
Spex.InstanceManager.Server (see server_opt()), with one internal detail:
	:dets_table is always set to Spex.InstanceManager.SimpleInstanceManager
by this module and should not be provided by callers.

Supported options:
	:impl_models_dir (String.t())
Path to .spex implementation model files loaded on startup.
Default: "./spex_impl_models".

	:dets_dir (String.t())
Directory where the DETS file for this manager is stored.
Default: "./spex_dets".

	:check_transition_timeouts_on_start? (boolean())
When true, existing instances in DETS are checked during startup and
transition timeout errors are emitted if needed.
Default: true.

	:prune_interval (timeout())
Interval for periodic pruning checks. Use :infinity to disable periodic
checks after startup.
Default: to_timeout(%Duration{hour: 6}).


Pruning semantics:
	one prune pass is always executed immediately on startup,
	when :prune_interval != :infinity, additional periodic prune passes are
scheduled,
	when :prune_interval == :infinity, no periodic passes are scheduled after
the initial startup pass.

Option Resolution Order
For each server option, effective value is resolved in this order:
	option passed to start_link/1 / supervisor child spec,
	application environment key under :spex,
	server default.

Missing required values raise with a descriptive ArgumentError.
Application Config Example
config :spex,
  impl_models_dir: "./priv/spex_impl_models",
  dets_dir: "./priv/spex_dets",
  check_transition_timeouts_on_start?: true,
  prune_interval: :timer.hours(6)

      


      
        Summary


  
    Functions
  


    
      
        all_impl_models()

      


        Callback implementation for Spex.InstanceManager.all_impl_models/0.



    


    
      
        all_instances()

      


        Callback implementation for Spex.InstanceManager.all_instances/0.



    


    
      
        all_instances(specification)

      


        Callback implementation for Spex.InstanceManager.all_instances/1.



    


    
      
        child_spec(opts)

      


        Callback implementation for Spex.InstanceManager.child_spec/1.



    


    
      
        delete_instance(instance_identifier)

      


        Callback implementation for Spex.InstanceManager.delete_instance/1.



    


    
      
        delete_instances(filter_fun)

      


        Callback implementation for Spex.InstanceManager.delete_instances/1.



    


    
      
        export_impl_models()

      


        Callback implementation for Spex.InstanceManager.export_impl_models/0.



    


    
      
        get_instance(instance_identifier)

      


        Callback implementation for Spex.InstanceManager.get_instance/1.



    


    
      
        init_instance(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        Callback implementation for Spex.InstanceManager.init_instance/4.



    


    
      
        init_instance!(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        Callback implementation for Spex.InstanceManager.init_instance!/4.



    


    
      
        init_instance_async(spec, instance_identifier, meta \\ nil, initial_state \\ nil)

      


        Callback implementation for Spex.InstanceManager.init_instance_async/4.



    


    
      
        mock_instance!(spec, instance_identifier, state, meta \\ nil)

      


        Callback implementation for Spex.InstanceManager.mock_instance!/4.



    


    
      
        start_link(opts)

      


        Callback implementation for Spex.InstanceManager.start_link/1.



    


    
      
        transition(instance_identifier, action, state)

      


        Callback implementation for Spex.InstanceManager.transition/3.



    


    
      
        transition!(instance_identifier, action, state)

      


        Callback implementation for Spex.InstanceManager.transition!/3.



    


    
      
        transition_async(instance_identifier, action, state)

      


        Callback implementation for Spex.InstanceManager.transition_async/3.



    





      


      
        Functions


        


  
    
      
    
    
      all_impl_models()



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.all_impl_models/0.

  



  
    
      
    
    
      all_instances()



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.all_instances/0.

  



  
    
      
    
    
      all_instances(specification)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.all_instances/1.

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.child_spec/1.

  



  
    
      
    
    
      delete_instance(instance_identifier)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.delete_instance/1.

  



  
    
      
    
    
      delete_instances(filter_fun)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.delete_instances/1.

  



  
    
      
    
    
      export_impl_models()



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.export_impl_models/0.

  



  
    
      
    
    
      get_instance(instance_identifier)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.get_instance/1.

  



    

    

  
    
      
    
    
      init_instance(spec, instance_identifier, meta \\ nil, initial_state \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.init_instance/4.

  



    

    

  
    
      
    
    
      init_instance!(spec, instance_identifier, meta \\ nil, initial_state \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.init_instance!/4.

  



    

    

  
    
      
    
    
      init_instance_async(spec, instance_identifier, meta \\ nil, initial_state \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.init_instance_async/4.

  



    

  
    
      
    
    
      mock_instance!(spec, instance_identifier, state, meta \\ nil)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.mock_instance!/4.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.start_link/1.

  



  
    
      
    
    
      transition(instance_identifier, action, state)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.transition/3.

  



  
    
      
    
    
      transition!(instance_identifier, action, state)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.transition!/3.

  



  
    
      
    
    
      transition_async(instance_identifier, action, state)



        
          
        

    

  


  

Callback implementation for Spex.InstanceManager.transition_async/3.

  


        

      


  

    
Spex.Specification behaviour
    



      
Behaviour and DSL for defining specifications through labelled transition systems (LTSs).
A specification module describes the expected states, actions, and transitions
of a system. Spex uses this information to:
	validate observed runtime behaviour,
	construct and maintain implementation models,
	check branching bisimilarity between model and specification,
	enforce transition timeout and pruning policies.

This module provides:
	behaviour callbacks that every specification must implement,
	a use macro that generates those callbacks from a concise DSL,
	def_transition/3 for declaring transitions,
	default error handling that can be overridden per specification.

Configuration Options
Pass options to use Spex.Specification, ....
:transition_timeout
Maximum time between two observed transitions for an instance.
	Default: :infinity
	Accepted values: :infinity, integer milliseconds, or %Duration{}
(converted via to_timeout/1)
	Used by instance manager timeout checks.

If an instance exceeds this timeout, Spex emits
%Spex.Errors.TransitionError{reason: :transition_timeout} and routes it
through the specification error_handler/2.
:prune_timeout
Minimum idle time before an instance can be considered for pruning.
	Default: :infinity
	Accepted values: :infinity, integer milliseconds, or %Duration{}
(converted via to_timeout/1)

Pruning eligibility also depends on :prunable_states.
:prunable_states
Controls which states are allowed to be pruned after :prune_timeout.
	Default: [] (no states are prunable)
	Accepted values:	:all: any current state may be pruned
	:terminal: only terminal states may be pruned
	explicit state list, e.g. [:done, :failed]



Terminal states are derived from transitions as states with no outgoing edge.
Transition DSL
Define transitions with def_transition(from_state, action, to_state).
Each call contributes to compile-time metadata used to generate:
	states/0
	actions/0
	transitions/0
	initial_state/0
	terminal_states/0

Duplicate states/actions/transitions are deduplicated.
The initial state is the source state of the first declared transition.
If no transitions are declared, initial_state/0 returns nil.
Generated Callbacks
When you use Spex.Specification, the following callbacks are generated
automatically:
	transition_timeout/0
	prune_timeout/0
	prunable_states/0
	states/0
	actions/0
	transitions/0
	initial_state/0
	terminal_states/0
	error_handler/2 (delegates to default_error_handler/2 by default)

error_handler/2 is overridable.
Error Handling Contract
error_handler/2 receives (error, caller_pid) and must return:
	:ok to swallow/accept the error condition, or
	{:error, reason} to propagate failure.

Default behaviour in default_error_handler/2:
	logs the error and caller stacktrace,
	returns :ok for:	%Spex.Errors.TransitionError{reason: :deviation_still_bisimilar}
	%Spex.Errors.ImplModelError{reason: :impl_model_not_found}


	returns {:error, error} for all other errors.

Full Example
defmodule MySpec do
  use Spex.Specification,
    transition_timeout: 30_000,
    prune_timeout: %Duration{hour: 1},
    prunable_states: :terminal

  def_transition :idle, :start, :running
  def_transition :running, :complete, :done
  def_transition :running, :fail, :failed

  @impl Spex.Specification
  def error_handler(error, caller) do
    send(caller, {:spec_error, error})
    {:error, error}
  end
end
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        error_handler_return()

      


        The return type for error_handler/2 callbacks.



    


    
      
        t()

      


        A module implementing this behaviour



    





  
    Callbacks
  


    
      
        error_handler(handled_error, caller_process)

      


        Callback for handling errors emitted by Spex during instance management.



    





  
    Functions
  


    
      
        def_transition(from_state, action, to_state)

      


        Defines a transition from one state to another via an action.



    


    
      
        default_error_handler(error, caller)

      


        Default error handling strategy used by specification modules.
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          @type error_handler_return() :: :ok | {:error, Exception.t() | term()}


      


The return type for error_handler/2 callbacks.
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          @type t() :: module()


      


A module implementing this behaviour
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      error_handler(handled_error, caller_process)



        
          
        

    

  


  

      

          @callback error_handler(handled_error(), caller_process :: pid()) ::
  error_handler_return()


      


Callback for handling errors emitted by Spex during instance management.

  


        

      

      
        Functions


        


  
    
      
    
    
      def_transition(from_state, action, to_state)
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Defines a transition from one state to another via an action.
The first state of the first transition becomes the initial state.
States and actions are automatically collected and deduplicated.
Example
def_transition :idle, :start, :working
def_transition :working, :complete, :idle

  



  
    
      
    
    
      default_error_handler(error, caller)



        
          
        

    

  


  

      

          @spec default_error_handler(handled_error(), caller_process :: pid()) ::
  error_handler_return()


      


Default error handling strategy used by specification modules.

  


        

      


  

    
Spex.Testing 
    



      
Test helpers for preparing and manipulating Spex runtime state.
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        mock_instance!(spec, instance_identifier, state, meta \\ nil)

      


        Inserts or updates a mock instance at a specific state for test setup.



    


    
      
        prepare_for_test_suite(opts \\ [])

      


        Prepares after-suite hooks that export collected implementation models.
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          @type opt() :: {:instance_manager, module()} | {:impl_models_dir, Path.t()}
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Inserts or updates a mock instance at a specific state for test setup.
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          @spec prepare_for_test_suite([opt()]) :: :ok


      


Prepares after-suite hooks that export collected implementation models.

  


        

      


  

    
Spex.Errors.DetsError exception
    



      
DETS backend operation errors.
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          @type reason() ::
  :traverse
  | :open_file
  | :member
  | :lookup
  | :insert
  | :foldl
  | :delete
  | :delete_all_objects
  | :close
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          @type t() :: %Spex.Errors.DetsError{
  __exception__: true,
  context: map() | nil,
  reason: reason()
}


      



  


        

      


  

    
Spex.Errors.ImplModelError exception
    



      
ImplModel loading and lookup errors.
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          @type reason() :: :impl_model_not_found | :deserialisation_failed
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          @type t() :: %Spex.Errors.ImplModelError{
  __exception__: true,
  context: map() | nil,
  reason: reason()
}


      



  


        

      


  

    
Spex.Errors.InstanceError exception
    



      
Instance lifecycle errors such as duplicate or missing identifiers.

      


      
        Summary


  
    Types
  


    
      
        reason()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: :instance_identifier_not_found | :instance_identifier_already_in_use
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          @type t() :: %Spex.Errors.InstanceError{
  __exception__: true,
  context: map() | nil,
  reason: reason()
}


      



  


        

      


  

    
Spex.Errors.TransitionError exception
    



      
Transition-level error used for deviations and timeout conditions.
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          @type reason() ::
  :transition_timeout | :deviation_not_bisimilar | :deviation_still_bisimilar
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          @type t() :: %Spex.Errors.TransitionError{
  __exception__: true,
  context: map() | nil,
  reason: reason()
}


      



  


        

      


  

    
mix spex 
    



      
Mix task that checks saved implementation models for bisimilarity.
This is the offline verification entry point for .spex model files.
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    Functions
  


    
      
        run(args)

      


        Runs Spex bisimilarity checks for all loaded implementation models.



    





      


      
        Functions


        


  
    
      
    
    
      run(args)



        
          
        

    

  


  

Runs Spex bisimilarity checks for all loaded implementation models.
Accepts either no arguments (uses configured :impl_models_dir) or one path
argument to a directory or file containing .spex models.
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