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    Paradigm Overview

Paradigm is an experimental modeling framework that focuses on the formal abstraction relationship between a model and its data. This allows for creation and manipulation of multi-layered structures. The goal is to provide a common core for integration tooling that works at the level of
	Metamodel (data interoperability, schema translation)
	Model (database migration, schema versioning)
	Data (entity analysis, data validation)

Structure
Paradigms
	Paradigm - Top-level data model container
	Paradigm.Package - Namespace organization
	Paradigm.Class - Entity definitions
	Paradigm.Property - Typed attributes and references
	Paradigm.PrimitiveType - Basic data types
	Paradigm.Enumeration - Constrained sets

Graph (Data)
	Paradigm.Graph Behaviour - Pluggable graph adapters (including a simple map implementation Paradigm.Graph.MapImpl for in-memory work)
	Paradigm.Graph.Instance - Runtime graph object including data and implementation
	Paradigm.Graph.Node - Standardized form for individual entity instances

Paradigm Operations
For these examples we'll use the provided Metamodel paradigm:
metamodel_paradigm = Paradigm.Canonical.Metamodel.definition()
Abstraction
Paradigm.Abstraction allows movement between paradigm definitions and their graph representations.
	embed - Converts a Paradigm struct into a Paradigm.Graph.Instance that can be stored, queried, and manipulated using any graph backend
	extract - Reconstructs a Paradigm struct from metamodel-conformant graph data

embedded_metamodel = Paradigm.Abstraction.embed(metamodel_paradigm, Paradigm.Graph.MapImpl)
extracted_metamodel_paradigm = Paradigm.Abstraction.extract(embedded_metamodel)
extracted_metamodel_paradigm == metamodel_paradigm
Conformance
Paradigm.Conformance.check_graph/2 validates that graph data conforms to its paradigm definition. The conformance checker ensures data integrity by validating:
	Class validity - All nodes reference defined classes
	Property completeness - Required properties are present, unknown properties flagged
	Cardinality constraints - List/single value requirements met
	Reference integrity - All references point to existing nodes of correct classes
	Enumeration values - Values match defined enum options

The embedded metamodel validates against itself:
Paradigm.Conformance.check_graph(metamodel_paradigm, embedded_metamodel)
Transform
	Paradigm.Transform Behavior defines the contract for transforms
	Paradigm.Transform.Identity transform provided for demonstration{:ok, transformed_graph} = Paradigm.Transform.Identity.transform(embedded_metamodel, Paradigm.Graph.MapImpl, %{})
embedded_metamodel == transformed_graph


Installation
If available in Hex, add paradigm to your list of dependencies in mix.exs:
def deps do
  [
    {:paradigm, "~> 0.1.0"}
  ]
end
Or install directly from GitHub:
def deps do
  [
    {:paradigm, github: "roriholm/paradigm"}
  ]
end
Then run:
mix deps.get

Quick Start
Here's a basic example using the canonical metamodel:
# Get the metamodel paradigm
paradigm = Paradigm.Canonical.Metamodel.definition()

# Embed it into a graph for manipulation
graph_instance = Paradigm.Abstraction.embed(paradigm, Paradigm.Graph.MapImpl)

# Validate that the embedded graph conforms to the metamodel
Paradigm.Conformance.check_graph(paradigm, graph_instance)
# => %Paradigm.Conformance.Result{type: :correct, problems: nil}

# Extract back to a Paradigm struct
extracted = Paradigm.Abstraction.extract(graph_instance)
# extracted == paradigm


  

    
Paradigm.Abstraction 
    



      
Functions for moving between Paradigm structs and corresponding graph data.

      


      
        Summary


  
    Functions
  


    
      
        embed(paradigm, graph_impl)

      


        Takes any Paradigm and produces the corresponding Paradigm.Graph.Instance that is invariant against the Metamodel paradigm.



    


    
      
        extract(instance)

      


        Takes a Paradigm.Graph.Instance of metamodel type, and returns a top-level Paradigm object.



    





      


      
        Functions

        


  
    
      
    
    
      embed(paradigm, graph_impl)



    

  


  

Takes any Paradigm and produces the corresponding Paradigm.Graph.Instance that is invariant against the Metamodel paradigm.

  



  
    
      
    
    
      extract(instance)



    

  


  

Takes a Paradigm.Graph.Instance of metamodel type, and returns a top-level Paradigm object.

  


        

      


  

    
Paradigm.Canonical.Metamodel 
    



      
The canonical self-model of the Paradigm structure.
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    Functions
  


    
      
        definition()

      


    





      


      
        Functions

        


  
    
      
    
    
      definition()



    

  


  


  


        

      


  

    
Paradigm.Conformance 
    




      
        Summary


  
    Functions
  


    
      
        check_graph(paradigm, instance)

      


    





      


      
        Functions

        


  
    
      
    
    
      check_graph(paradigm, instance)



    

  


  

      

          @spec check_graph(
  %Paradigm{
    classes: term(),
    description: term(),
    enumerations: term(),
    name: term(),
    packages: term(),
    primitive_types: term(),
    properties: term()
  },
  Paradigm.Graph.Instance.t()
) :: Paradigm.Conformance.Result.t()


      



  


        

      


  

    
Paradigm.Graph behaviour
    



      
Defines the behaviour for Graph implementations. This decouples operations (conformance, abstraction, transforms) from the underlying graph storage.

      


      
        Summary


  
    Types
  


    
      
        class_id()

      


    


    
      
        graph()

      


    


    
      
        node_id()

      


    





  
    Callbacks
  


    
      
        follow_reference(graph, node_id, any)

      


    


    
      
        get_all_classes(graph)

      


    


    
      
        get_all_nodes(graph)

      


    


    
      
        get_all_nodes_of_class(graph, arg2)

      


    


    
      
        get_node(graph, node_id)

      


    


    
      
        get_node_data(graph, node_id, any, any)

      


    


    
      
        insert_node(graph, node_id, class_id, map)

      


    


    
      
        insert_nodes(graph, arg2)

      


    


    
      
        new()

      


    





      


      
        Types

        


  
    
      
    
    
      class_id()



    

  


  

      

          @type class_id() :: Paradigm.id()


      



  



  
    
      
    
    
      graph()



    

  


  

      

          @type graph() :: term()


      



  



  
    
      
    
    
      node_id()



    

  


  

      

          @type node_id() :: Paradigm.id()


      



  


        

      

      
        Callbacks

        


  
    
      
    
    
      follow_reference(graph, node_id, any)



    

  


  

      

          @callback follow_reference(graph(), node_id(), any()) :: Node.t() | nil


      



  



  
    
      
    
    
      get_all_classes(graph)



    

  


  

      

          @callback get_all_classes(graph()) :: [class_id()]


      



  



  
    
      
    
    
      get_all_nodes(graph)



    

  


  

      

          @callback get_all_nodes(graph()) :: [node_id()]


      



  



  
    
      
    
    
      get_all_nodes_of_class(graph, arg2)



    

  


  

      

          @callback get_all_nodes_of_class(graph(), class_id() | [class_id()]) :: [node_id()]


      



  



  
    
      
    
    
      get_node(graph, node_id)



    

  


  

      

          @callback get_node(graph(), node_id()) :: Node.t() | nil


      



  



  
    
      
    
    
      get_node_data(graph, node_id, any, any)



    

  


  

      

          @callback get_node_data(graph(), node_id(), any(), any()) :: any()


      



  



  
    
      
    
    
      insert_node(graph, node_id, class_id, map)



    

  


  

      

          @callback insert_node(graph(), node_id(), class_id(), map()) :: graph()


      



  



  
    
      
    
    
      insert_nodes(graph, arg2)



    

  


  

      

          @callback insert_nodes(graph(), map() | list()) :: graph()


      



  



  
    
      
    
    
      new()



    

  


  

      

          @callback new() :: graph()


      



  


        

      


  

    
Paradigm.Transform behaviour
    



      
Defines transformation behavior for converting graph data from one paradigm to another

      


      
        Summary


  
    Types
  


    
      
        transform_opts()

      


    


    
      
        transform_result()

      


    





  
    Callbacks
  


    
      
        transform(source, target_impl, opts)

      


    





      


      
        Types

        


  
    
      
    
    
      transform_opts()



    

  


  

      

          @type transform_opts() :: keyword()


      



  



  
    
      
    
    
      transform_result()



    

  


  

      

          @type transform_result() :: {:ok, Paradigm.Graph.Instance.t()} | {:error, String.t()}


      



  


        

      

      
        Callbacks

        


  
    
      
    
    
      transform(source, target_impl, opts)



    

  


  

      

          @callback transform(
  source :: Paradigm.Graph.Instance.t(),
  target_impl :: module(),
  opts :: transform_opts()
) :: transform_result()


      



  


        

      


  

    
Paradigm.Transform.Identity 
    



      
The trivial transform.
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        Summary


  
    Types
  


    
      
        t()
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      t()



    

  


  

      

          @type t() :: %Paradigm.Conformance.Issue{
  details: map() | nil,
  kind:
    :invalid_class
    | :unknown_property
    | :missing_property
    | :cardinality_too_low
    | :cardinality_too_high
    | :should_be_list
    | :references_missing_node
    | :references_wrong_class
    | :invalid_enum_value,
  node_id: Paradigm.id(),
  property: String.t() | nil
}


      



  


        

      


  

    
Paradigm.Conformance.Result 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        valid?(result)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Paradigm.Conformance.Result{issues: [Paradigm.Conformance.Issue.t()]}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      valid?(result)



    

  


  


  


        

      


  

    
Paradigm.Graph.Instance 
    



      
A wrapper object with everything required to access graph data.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(impl, data, name \\ nil, description \\ nil)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Paradigm.Graph.Instance{
  data: any(),
  description: String.t(),
  impl: module(),
  name: String.t()
}


      



  


        

      

      
        Functions

        


    

    

  
    
      
    
    
      new(impl, data, name \\ nil, description \\ nil)



    

  


  


  


        

      


  

    
Paradigm.Graph.MapImpl 
    



      
A map-based implementation of the Graph behaviour for handling in-memory data.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %{required(Paradigm.id()) => Paradigm.Graph.Node.t()}


      



  


        

      


  

    
Paradigm.Graph.Node 
    



      
A standardized node structure to be targeted by graph data adapters.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Paradigm.Graph.Node{class: Paradigm.id(), data: map()}


      



  


        

      


  

    
Paradigm 
    



      
The top-level Paradigm data model object.

      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        name()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        get_all_attributes(class, paradigm)

      


    


    
      
        is_subclass_of?(source_class_id, target_class_id, paradigm)

      


    





      


      
        Types

        


  
    
      
    
    
      id()



    

  


  

      

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


      



  



  
    
      
    
    
      name()



    

  


  

      

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


      



  



  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Paradigm{
  classes: %{required(id()) => Paradigm.Class.t()},
  description: String.t(),
  enumerations: %{required(id()) => Paradigm.Enumeration.t()},
  name: name(),
  packages: %{required(id()) => Paradigm.Package.t()},
  primitive_types: %{required(id()) => Paradigm.PrimitiveType.t()},
  properties: %{required(id()) => Paradigm.Property.t()}
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      get_all_attributes(class, paradigm)



    

  


  


  



  
    
      
    
    
      is_subclass_of?(source_class_id, target_class_id, paradigm)



    

  


  


  


        

      


  

    
Paradigm.Class 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Paradigm.Class{
  is_abstract: boolean(),
  name: Paradigm.name(),
  owned_attributes: [Paradigm.id()],
  super_classes: [Paradigm.id()]
}


      



  


        

      


  

    
Paradigm.Enumeration 
    




      
        Summary


  
    Types
  


    
      
        t()
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      t()



    

  


  

      

          @type t() :: %Paradigm.Enumeration{literals: [String.t()], name: Paradigm.name()}


      



  


        

      


  

    
Paradigm.Package 
    




      
        Summary


  
    Types
  


    
      
        t()
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      t()



    

  


  

      

          @type t() :: %Paradigm.Package{
  name: Paradigm.name(),
  nested_packages: [Paradigm.id()],
  owned_types: [Paradigm.id()],
  uri: Paradigm.id()
}


      



  


        

      


  

    
Paradigm.PrimitiveType 
    




      
        Summary


  
    Types
  


    
      
        t()
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      t()



    

  


  

      

          @type t() :: %Paradigm.PrimitiveType{name: Paradigm.name()}


      



  


        

      


  

    
Paradigm.Property 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %Paradigm.Property{
  default_value: term() | nil,
  is_composite: boolean(),
  is_ordered: boolean(),
  lower_bound: non_neg_integer(),
  name: Paradigm.name(),
  type: Paradigm.id(),
  upper_bound: non_neg_integer() | :infinity
}
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