

    

        Jido Evolve

        v1.0.0



    


  

    Table of contents

    
      



      	Jido.Evolve


      	Changelog


      	Contributing





    	Guides
      


      	Getting Started



      

    




        	
          Modules
          


      	Jido.Evolve


      	Jido.Evolve.Config


      	Jido.Evolve.Crossover


      	Jido.Evolve.Crossover.MapUniform


      	Jido.Evolve.Crossover.PMX


      	Jido.Evolve.Crossover.String


      	Jido.Evolve.Crossover.Uniform


      	Jido.Evolve.Engine


      	Jido.Evolve.Error


      	Jido.Evolve.Evolvable


      	Jido.Evolve.Evolvable.HParams


      	Jido.Evolve.Evolvable.Permutation


      	Jido.Evolve.Examples.HelloWorld


      	Jido.Evolve.Examples.HyperparameterTuning


      	Jido.Evolve.Examples.Knapsack


      	Jido.Evolve.Examples.TravelingSalesman


      	Jido.Evolve.Examples.Utils


      	Jido.Evolve.Fitness


      	Jido.Evolve.Mutation


      	Jido.Evolve.Mutation.AdaptiveText


      	Jido.Evolve.Mutation.Binary


      	Jido.Evolve.Mutation.HParams


      	Jido.Evolve.Mutation.Permutation


      	Jido.Evolve.Mutation.Random


      	Jido.Evolve.Mutation.Text


      	Jido.Evolve.Options


      	Jido.Evolve.Selection


      	Jido.Evolve.Selection.Tournament


      	Jido.Evolve.State





    	Exceptions
      


      	Jido.Evolve.Error.Config


      	Jido.Evolve.Error.ConfigError


      	Jido.Evolve.Error.Execution


      	Jido.Evolve.Error.ExecutionError


      	Jido.Evolve.Error.Internal


      	Jido.Evolve.Error.InternalError


      	Jido.Evolve.Error.Invalid


      	Jido.Evolve.Error.InvalidInputError



      

    




        



        	
          Mix Tasks
          


      	mix jido_evolve.install





        


      

    

  

    Jido.Evolve

[image: Hex.pm]
[image: Hex Docs]
[image: CI]
[image: License]
[image: Website]
[image: Ecosystem]
[image: Discord]
Evolutionary algorithms for Elixir.
Jido.Evolve.evolve/1 is the canonical public API for running stream-based evolutionary search with pluggable fitness, mutation, selection, and crossover strategies.
Install
def deps do
  [
    {:jido_evolve, "~> 0.2.0"}
  ]
end
Installation via Igniter
mix igniter.install jido_evolve

Quick Start
defmodule MyFitness do
  use Jido.Evolve.Fitness

  def evaluate(entity, _ctx), do: {:ok, String.length(entity)}
end

stream =
  Jido.Evolve.evolve(
    initial_population: ["random", "strings", "here"],
    fitness: MyFitness
  )

final_state = Enum.reduce(stream, fn state, _acc -> state end)
IO.puts("Best: #{final_state.best_entity} (#{final_state.best_score})")
API
Jido.Evolve.evolve/1
Required options:
	:initial_population - non-empty list of entities
	:fitness - module implementing evaluate/2

Optional options:
	:config - %Jido.Evolve.Config{} or config map/keyword
	:context - map passed to fitness evaluation
	:mutation - mutation module override
	:selection - selection module override
	:crossover - crossover module override

Returns a lazy Stream of Jido.Evolve.State values (one per generation).
Configure
config =
  Jido.Evolve.Config.new!(
    population_size: 100,
    generations: 500,
    mutation_rate: 0.1,
    crossover_rate: 0.7,
    elitism_rate: 0.05,
    selection_strategy: Jido.Evolve.Selection.Tournament,
    mutation_strategy: Jido.Evolve.Mutation.Text,
    crossover_strategy: Jido.Evolve.Crossover.String,
    random_seed: 1234,
    max_concurrency: System.schedulers_online()
  )
Pass config into evolve/1:
Jido.Evolve.evolve(
  initial_population: ["a", "bb", "ccc"],
  fitness: MyFitness,
  config: config
)
Extension Points
	Jido.Evolve.Fitness - score entities
	Jido.Evolve.Mutation - mutate entities
	Jido.Evolve.Selection - select parents
	Jido.Evolve.Crossover - combine parents
	Jido.Evolve.Evolvable - representation and similarity protocol

Quality
mix quality
mix test
mix docs

v0.2.0 Migration Notes (Breaking)
	Jido.Evolve.evolve/1 no longer accepts :evolvable.
	Public strategy override keys are now :mutation, :selection, and :crossover.
	Config/state internals are validated via Zoi.
	Error handling is centralized under Jido.Evolve.Error.

Docs and Guides
	Getting Started
	CHANGELOG
	CONTRIBUTING



  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog and this project follows Semantic Versioning.
0.2.0 - 2026-02-27
Added
	Public release scaffolding: CI, release workflow, config files, contributing guide, usage rules, and getting-started guide.
	Canonical Jido.Evolve.evolve/1 options validation layer.
	Centralized Jido.Evolve.Error module using Splode.
	Optional Igniter installer task: mix jido_evolve.install.

Changed
	Breaking API update: Jido.Evolve.evolve/1 now uses simplified options (initial_population, fitness, optional config/context/strategy overrides).
	Runtime config and state modeling migrated to Zoi-based struct validation patterns.
	Project quality gates aligned to ecosystem standard (mix quality, coverage, docs checks).

Removed
	Deprecated NimbleOptions/typed-struct based config model.



  

    Contributing

Thanks for contributing to Jido.Evolve.
Development Setup
	Install Elixir ~> 1.18.
	Install dependencies:

mix setup

Quality Gates
Run all required checks before opening a PR:
mix quality
mix test
mix coveralls
mix docs

Commit Conventions
Use conventional commits:
	feat: New feature
	fix: Bug fix
	docs: Documentation
	refactor: Refactor without behavior change
	test: Test changes
	chore: Tooling/dependency maintenance
	ci: CI/CD changes

Examples:
git commit -m "feat(api): simplify evolve/1 options"
git commit -m "fix(engine): normalize mutation override wiring"

Pull Requests
	Keep changes focused and reviewable.
	Include tests for behavior changes.
	Update README and CHANGELOG when public behavior changes.



  

    Getting Started

Jido.Evolve provides a simple public API for evolutionary search.
Installation
Add the dependency to your mix.exs:
def deps do
  [
    {:jido_evolve, "~> 0.2.0"}
  ]
end
Optional Igniter Install
mix igniter.install jido_evolve

Basic Usage
defmodule MyFitness do
  use Jido.Evolve.Fitness

  def evaluate(entity, _ctx), do: {:ok, String.length(entity)}
end

stream =
  Jido.Evolve.evolve(
    initial_population: ["a", "abcd", "abc"],
    fitness: MyFitness
  )

final_state = Enum.reduce(stream, fn _state, acc -> acc end)
IO.inspect(final_state.best_entity)


  

    
Jido.Evolve 
    



      
Jido.Evolve is a generic evolutionary algorithm framework for Elixir.
The canonical public API is evolve/1.

      


      
        Summary


  
    Functions
  


    
      
        evolve(opts)

      


        Run an evolutionary search over a population.



    


    
      
        version()

      


        Get version information.



    





      


      
        Functions


        


  
    
      
    
    
      evolve(opts)



        
          
        

    

  


  

      

          @spec evolve(keyword() | map()) :: Enumerable.t()


      


Run an evolutionary search over a population.
Required options
	:initial_population - List of entities to evolve.
	:fitness - Module implementing evaluate/2.

Optional options
	:config - %Jido.Evolve.Config{} or config options map/keyword.
	:context - Context map passed to fitness.evaluate/2.
	:mutation - Mutation strategy module override.
	:selection - Selection strategy module override.
	:crossover - Crossover strategy module override.

Examples
defmodule MyFitness do
  use Jido.Evolve.Fitness

  def evaluate(entity, _ctx), do: {:ok, String.length(entity)}
end

Jido.Evolve.evolve(
  initial_population: ["a", "abc", "ab"],
  fitness: MyFitness
)
|> Enum.to_list()

  



  
    
      
    
    
      version()



        
          
        

    

  


  

      

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


      


Get version information.

  


        

      


  

    
Jido.Evolve.Config 
    



      
Canonical configuration structure for evolutionary algorithms.
This module uses Zoi for validation and provides sensible defaults.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        elite_count(config)

      


        Get the number of elite entities to preserve.



    


    
      
        init_random_seed(config)

      


        Initialize random seed if configured.



    


    
      
        new(opts \\ [])

      


        Create a new configuration with validation.



    


    
      
        new!(opts \\ [])

      


        Create a new configuration, raising on validation errors.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.Config{
  checkpoint_interval: nil | nil | integer(),
  crossover_rate: number(),
  crossover_strategy: atom(),
  elitism_rate: number(),
  evaluation_timeout: integer() | :infinity,
  generations: integer(),
  max_concurrency: integer(),
  metrics_enabled: boolean(),
  mutation_rate: number(),
  mutation_strategy: atom(),
  population_size: integer(),
  random_seed: nil | nil | integer(),
  selection_pressure: number(),
  selection_strategy: atom(),
  termination_criteria: [
    max_generations: integer(),
    target_fitness: number(),
    no_improvement: integer()
  ],
  tournament_size: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      elite_count(config)



        
          
        

    

  


  

      

          @spec elite_count(t()) :: non_neg_integer()


      


Get the number of elite entities to preserve.

  



  
    
      
    
    
      init_random_seed(config)



        
          
        

    

  


  

      

          @spec init_random_seed(t()) :: :ok


          @spec init_random_seed(t()) :: :ok


      


Initialize random seed if configured.
Uses explicit :exs1024 algorithm with deterministic seed tuple for reproducibility
across OTP versions.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword() | map()) :: {:ok, t()} | {:error, term()}


      


Create a new configuration with validation.
Examples
iex> {:ok, config} = Jido.Evolve.Config.new(population_size: 50)
iex> config.population_size
50

iex> {:error, _error} = Jido.Evolve.Config.new(population_size: -1)

  



    

  
    
      
    
    
      new!(opts \\ [])



        
          
        

    

  


  

      

          @spec new!(keyword() | map()) :: t()


      


Create a new configuration, raising on validation errors.
Examples
iex> config = Jido.Evolve.Config.new!(population_size: 50)
iex> config.population_size
50

  


        

      


  

    
Jido.Evolve.Crossover behaviour
    



      
Protocol for crossover operations between two parent entities.
Crossover combines genetic material from two parents to create offspring,
introducing diversity while preserving beneficial traits from both parents.
Example
defmodule MyCustomCrossover do
  @behaviour Jido.Evolve.Crossover

  @impl true
  def crossover(parent1, parent2, _config) do
    # Simple single-point crossover for strings
    if String.length(parent1) > 0 and String.length(parent2) > 0 do
      point = :rand.uniform(min(String.length(parent1), String.length(parent2)))
      child1 = String.slice(parent1, 0, point) <> String.slice(parent2, point, String.length(parent2))
      child2 = String.slice(parent2, 0, point) <> String.slice(parent1, point, String.length(parent1))
      {child1, child2}
    else
      {parent1, parent2}
    end
  end
end

      


      
        Summary


  
    Callbacks
  


    
      
        crossover(parent1, parent2, config)

      


        Performs crossover between two parent entities to produce two offspring.



    





      


      
        Callbacks


        


  
    
      
    
    
      crossover(parent1, parent2, config)



        
          
        

    

  


  

      

          @callback crossover(parent1 :: any(), parent2 :: any(), config :: map()) :: {any(), any()}


      


Performs crossover between two parent entities to produce two offspring.
Parameters
	parent1 - First parent entity
	parent2 - Second parent entity  
	config - Configuration map that may contain crossover-specific parameters

Returns
A tuple {child1, child2} containing two offspring entities.

  


        

      


  

    
Jido.Evolve.Crossover.MapUniform 
    



      
Uniform crossover for map genomes.
Selects each key's value from one of the parents randomly.
For numeric lists, performs one-point crossover on the list.
Handles asymmetric parent keys by taking the union of all keys.
Missing keys are treated as nil during crossover.
Example
parent1 = %{lr: 0.01, layers: [128, 64], act: :relu}
parent2 = %{lr: 0.001, layers: [256, 128, 64], act: :tanh}

# Possible child:
%{lr: 0.001, layers: [128, 64, 64], act: :relu}

      




  

    
Jido.Evolve.Crossover.PMX 
    



      
Partially Mapped Crossover (PMX) for permutations.
PMX preserves permutation validity by mapping conflicting values
when copying segments between parents.
Algorithm
	Select two random crossover points
	Copy the segment from parent1 to child
	For remaining positions, use mapping from parent2
	If value conflicts, follow the mapping chain

Example
parent1 = [0, 1, 2, 3, 4, 5, 6, 7, 8]
parent2 = [1, 2, 3, 5, 4, 6, 8, 7, 0]

# Cut points at 3 and 6
child   = [_, _, _, 3, 4, 5, _, _, _]

# Fill remaining using mapping
child   = [0, 1, 2, 3, 4, 5, 6, 7, 8]

      




  

    
Jido.Evolve.Crossover.String 
    



      
Single-point crossover implementation for strings.
Performs crossover by selecting a random point and swapping
the portions after that point between the two parent strings.

      




  

    
Jido.Evolve.Crossover.Uniform 
    



      
Uniform crossover implementation for lists.
Each element has a 50% chance of coming from either parent.
This is ideal for binary/list genomes where order doesn't matter much.

      




  

    
Jido.Evolve.Engine 
    



      
Core evolutionary algorithm engine.
Provides a stream-based interface for running evolutionary algorithms
with pluggable strategies for fitness, mutation, selection, and crossover.

      


      
        Summary


  
    Functions
  


    
      
        evolution_step(state, fitness_module, mutation_module, selection_module, crossover_module, context)

      


        Perform a single evolution step.



    


    
      
        evolve(initial_population, config, fitness_module)

      


        Run an evolutionary algorithm with the given configuration.



    





      


      
        Functions


        


  
    
      
    
    
      evolution_step(state, fitness_module, mutation_module, selection_module, crossover_module, context)



        
          
        

    

  


  

      

          @spec evolution_step(
  Jido.Evolve.State.t(),
  module(),
  module(),
  module(),
  module(),
  map()
) ::
  Jido.Evolve.State.t()


      


Perform a single evolution step.

  



  
    
      
    
    
      evolve(initial_population, config, fitness_module)



        
          
        

    

  


  

      

          @spec evolve([any()], Jido.Evolve.Config.t(), module()) :: Enumerable.t()


      


Run an evolutionary algorithm with the given configuration.
Returns a stream of Jido.Evolve.State structs representing each generation.
The stream is lazy, so generations are only computed when consumed.
Options
	:mutation - Module implementing Jido.Evolve.Mutation (default from config)
	:selection - Module implementing Jido.Evolve.Selection (default from config)
	:crossover - Module implementing Jido.Evolve.Crossover (default from config)
	:context - Context map passed to fitness evaluation


  


        

      


  

    
Jido.Evolve.Error 
    



      
Centralized error handling for Jido.Evolve using Splode.

      


      
        Summary


  
    Types
  


    
      
        class()

      


    


    
      
        class_module()

      


    


    
      
        error_class()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        config_error(message, details \\ %{})

      


        Build a configuration error.



    


    
      
        execution_error(message, details \\ %{})

      


        Build an execution error.



    


    
      
        internal_error(message, details \\ %{})

      


        Build an internal error.



    


    
      
        splode_error?(arg1, splode)

      


    


    
      
        traverse_errors(error_or_errors, fun)

      


        Traverses errors, calling fun for each leaf error, and returns a nested
map of results grouped by each error's path.



    


    
      
        unwrap!(result, opts \\ nil)

      


        Raises an error if the result is an error, otherwise returns the result



    


    
      
        validation_error(message, details \\ %{})

      


        Build an invalid input error.



    





      


      
        Types


        


  
    
      
    
    
      class()



        
          
        

    

  


  

      

          @type class() :: %{
  :__struct__ => class_module(),
  :__exception__ => true,
  :errors => [t()],
  :class => error_class(),
  :bread_crumbs => [String.t()],
  :vars => Keyword.t(),
  :stacktrace => Splode.Stacktrace.t() | nil,
  :context => map(),
  optional(atom()) => any()
}


      



  



  
    
      
    
    
      class_module()



        
          
        

    

  


  

      

          @type class_module() :: Internal | Config | Execution | Invalid | Splode.Error.Unknown


      



  



  
    
      
    
    
      error_class()



        
          
        

    

  


  

      

          @type error_class() :: :internal | :config | :execution | :invalid | :unknown


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  :__struct__ => module(),
  :__exception__ => true,
  :class => error_class(),
  :bread_crumbs => [String.t()],
  :vars => Keyword.t(),
  :stacktrace => Splode.Stacktrace.t() | nil,
  :context => map(),
  optional(atom()) => any()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      config_error(message, details \\ %{})



        
          
        

    

  


  

      

          @spec config_error(String.t(), map()) :: Jido.Evolve.Error.ConfigError.t()


      


Build a configuration error.

  



    

  
    
      
    
    
      execution_error(message, details \\ %{})



        
          
        

    

  


  

      

          @spec execution_error(String.t(), map()) :: Jido.Evolve.Error.ExecutionError.t()


      


Build an execution error.

  



    

  
    
      
    
    
      internal_error(message, details \\ %{})



        
          
        

    

  


  

      

          @spec internal_error(String.t(), map()) :: Jido.Evolve.Error.InternalError.t()


      


Build an internal error.

  



  
    
      
    
    
      splode_error?(arg1, splode)



        
          
        

    

  


  


  



  
    
      
    
    
      traverse_errors(error_or_errors, fun)



        
          
        

    

  


  

Traverses errors, calling fun for each leaf error, and returns a nested
map of results grouped by each error's path.
See Splode.traverse_errors/2 for full documentation.
Example
iex> Elixir.Jido.Evolve.Error.traverse_errors(error, fn error ->
...>   Exception.message(error)
...> end)
%{name: ["name is required"]}

  



    

  
    
      
    
    
      unwrap!(result, opts \\ nil)



        
          
        

    

  


  

Raises an error if the result is an error, otherwise returns the result
Alternatively, you can use the defsplode macro, which does this automatically.
Options
	:error_opts - Options to pass to to_error/2 when converting the returned error
	:unknown_error_opts - Options to pass to the unknown error if the function returns only :error.
not necessary if your function always returns {:error, error}.

Examples
  def function(arg) do
case do_something(arg) do
  :success -> :ok
  {:success, result} -> {:ok, result}
  {:error, error} -> {:error, error}
end
  end
  def function!(arg) do
YourErrors.unwrap!(function(arg))
  end

  



    

  
    
      
    
    
      validation_error(message, details \\ %{})



        
          
        

    

  


  

      

          @spec validation_error(String.t(), map()) :: Jido.Evolve.Error.InvalidInputError.t()


      


Build an invalid input error.

  


        

      


  

    
Jido.Evolve.Evolvable protocol
    



      
Protocol for making any data structure evolvable.
This protocol defines how entities can be converted to and from
a normalized genome representation for evolutionary operations.

      


      
        Summary


  
    Types
  


    
      
        entity()

      


    


    
      
        genome()

      


    


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        from_genome(original_entity, genome)

      


        Convert a genome back to the original entity type.



    


    
      
        similarity(entity1, entity2)

      


        Calculate similarity between two entities (0.0 = identical, 1.0 = completely different).



    


    
      
        to_genome(entity)

      


        Convert an entity to its genome representation.



    





      


      
        Types


        


  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: term()


      



  



  
    
      
    
    
      genome()



        
          
        

    

  


  

      

          @type genome() :: term()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      from_genome(original_entity, genome)



        
          
        

    

  


  

      

          @spec from_genome(entity(), genome()) :: entity()


      


Convert a genome back to the original entity type.
The original entity is provided for context and type information.
Examples
iex> Jido.Evolve.Evolvable.from_genome("original", ['h', 'i'])
"hi"

  



  
    
      
    
    
      similarity(entity1, entity2)



        
          
        

    

  


  

      

          @spec similarity(entity(), entity()) :: float()


      


Calculate similarity between two entities (0.0 = identical, 1.0 = completely different).
This is used for diversity maintenance and convergence detection.
Examples
iex> Jido.Evolve.Evolvable.similarity("hello", "hello")
0.0

iex> Jido.Evolve.Evolvable.similarity("hello", "world")
1.0

  



  
    
      
    
    
      to_genome(entity)



        
          
        

    

  


  

      

          @spec to_genome(entity()) :: genome()


      


Convert an entity to its genome representation.
The genome should be a structure that can be easily mutated
and crossed over with other genomes of the same type.
Examples
iex> Jido.Evolve.Evolvable.to_genome("hello")
['h', 'e', 'l', 'l', 'o']

  


        

      


  

    
Jido.Evolve.Evolvable.HParams 
    



      
Evolvable protocol implementation for hyperparameter maps.
Supports schema-driven evolution of mixed-type parameters:
	Floats with linear or log-scale bounds
	Integers with min/max bounds
	Enums (categorical choices)
	Lists of values with length constraints

Schema Format
Bounds can be specified as either ranges (min..max) or tuples ({min, max}).
Note: Ranges only work for integer bounds (Elixir requirement). Use tuples for float bounds.
%{
  learning_rate: {:float, {1.0e-5, 1.0e-1}, :log},
  hidden_layers: {:list, {:int, 16..256}, length: {1, 3}},
  dropout_rate: {:float, {0.0, 0.6}, :linear},
  activation: {:enum, [:relu, :tanh, :gelu]},
  batch_size: {:enum, [16, 32, 64, 128]}
}
Usage
schema = %{learning_rate: {:float, {0.001, 0.1}, :log}}
hparams = Jido.Evolve.Evolvable.HParams.new(schema)
# => %{learning_rate: 0.0032}

      


      
        Summary


  
    Functions
  


    
      
        new(schema)

      


        Creates a new random hyperparameter map from a schema.



    





      


      
        Functions


        


  
    
      
    
    
      new(schema)



        
          
        

    

  


  

Creates a new random hyperparameter map from a schema.

  


        

      


  

    
Jido.Evolve.Evolvable.Permutation 
    



      
Helper functions for working with permutation genomes.
A permutation is a list of unique integers from 0 to n-1.
Used for problems like the Traveling Salesman Problem (TSP)
where the order of elements matters and no duplicates are allowed.
Note: Permutations use the existing Jido.Evolve.Evolvable.List protocol implementation.
This module provides validation and creation utilities specific to permutations.

      


      
        Summary


  
    Functions
  


    
      
        new(n)

      


        Creates a new random permutation of length n.



    


    
      
        valid?(permutation)

      


        Validates that a list is a valid permutation.



    





      


      
        Functions


        


  
    
      
    
    
      new(n)



        
          
        

    

  


  

Creates a new random permutation of length n.

  



  
    
      
    
    
      valid?(permutation)



        
          
        

    

  


  

Validates that a list is a valid permutation.
Returns true if:
	All elements are unique
	All elements are integers from 0 to n-1


  


        

      


  

    
Jido.Evolve.Examples.HelloWorld 
    



      
A simple example of evolving text towards a target string.
This example demonstrates how to use Jido.Evolve to evolve a string
towards the target "Hello, world!" using random mutations and
tournament selection with adaptive mutation rates.

      


      
        Summary


  
    Functions
  


    
      
        batch_evaluate(entities, context)

      


        Default implementation of batch_evaluate/2 that delegates to shared implementation.



    


    
      
        demo()

      


        Run a quick demo that prints progress.



    


    
      
        evaluate(text, context)

      


        Fitness function that measures similarity to the target string.



    


    
      
        run(opts \\ [])

      


        Run the hello world evolution example.



    





      


      
        Functions


        


  
    
      
    
    
      batch_evaluate(entities, context)



        
          
        

    

  


  

Default implementation of batch_evaluate/2 that delegates to shared implementation.
Raises on invalid fitness results. Override to customize error handling.

  



  
    
      
    
    
      demo()



        
          
        

    

  


  

Run a quick demo that prints progress.

  



  
    
      
    
    
      evaluate(text, context)



        
          
        

    

  


  

Fitness function that measures similarity to the target string.
Higher scores indicate better fitness (closer to target).

  



    

  
    
      
    
    
      run(opts \\ [])



        
          
        

    

  


  

Run the hello world evolution example.
Options
	:population_size - Size of the population (default: 100)
	:generations - Maximum generations (default: 300) 
	:mutation_rate - Mutation rate (default: 0.3)
	:crossover_rate - Crossover rate (default: 0.8)
	:elitism_rate - Elitism rate (default: 0.02)
	:target_fitness - Stop when fitness reaches this value (default: 0.99)
	:seed - Initial population (default: 100 random strings)
	:verbose - Print progress (default: false)

Examples
# Run with defaults
Jido.Evolve.Examples.HelloWorld.run()

# Run with custom settings
Jido.Evolve.Examples.HelloWorld.run(
  population_size: 50,
  mutation_rate: 0.6,
  verbose: true
)

  


        

      


  

    
Jido.Evolve.Examples.HyperparameterTuning 
    



      
Hyperparameter Optimization: Evolve ML model hyperparameters for best performance.
Problem Description
Optimize hyperparameters (learning rate, layer sizes, dropout, activation)
to maximize model validation accuracy. Uses a surrogate fitness function
that simulates training without running actual neural networks.
This demonstrates:
	Mixed-type parameters: Floats, integers, lists, and enums
	Schema-driven evolution: Type-aware mutations
	Log-scale optimization: Learning rate in log space
	Caching: Avoid re-evaluating identical configurations

Genome Representation
Hyperparameter map:
%{
  learning_rate: 0.001,
  hidden_layers: [128, 64],
  dropout_rate: 0.2,
  activation: :relu,
  batch_size: 32
}
Fitness Evaluation
Surrogate function rewards:
	Moderate learning rates (0.0001-0.01)
	2-3 hidden layers
	Medium layer sizes (64-128)
	Low dropout
	Specific activations (:relu, :gelu)

Usage
iex> Jido.Evolve.Examples.HyperparameterTuning.run()
# Evolution progress shown...
# Converges to good hyperparameter configuration
Expected Results
Converges to validation accuracy >0.85 in 50-100 generations,
demonstrating schema-aware mutation and crossover.

      


      
        Summary


  
    Functions
  


    
      
        batch_evaluate(entities, context)

      


        Default implementation of batch_evaluate/2 that delegates to shared implementation.



    


    
      
        demo()

      


    


    
      
        run(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      batch_evaluate(entities, context)



        
          
        

    

  


  

Default implementation of batch_evaluate/2 that delegates to shared implementation.
Raises on invalid fitness results. Override to customize error handling.

  



  
    
      
    
    
      demo()



        
          
        

    

  


  


  



    

  
    
      
    
    
      run(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Jido.Evolve.Examples.Knapsack 
    



      
Knapsack Problem: Select items to maximize value without exceeding weight capacity.
Problem Description
You have a knapsack with limited weight capacity and a collection of items,
each with a weight and value. The goal is to select items that maximize total
value without exceeding the weight limit.
This demonstrates why genetic algorithms excel:
	Building blocks: Good item combinations can be inherited
	Crossover value: Mixing two good solutions often produces better offspring
	Selection pressure: Invalid solutions (too heavy) are penalized

Genome Representation
Binary vector where 1 = item included, 0 = item excluded:
[1, 0, 1, 1, 0, 1]  # Items 0, 2, 3, 5 selected
Fitness Evaluation
	If weight ≤ capacity: fitness = total value
	If weight > capacity: fitness = total value - penalty * overage

Usage
iex> Jido.Evolve.Examples.Knapsack.run()
# Evolution progress shown...
# Final solution near optimal value
Expected Results
Converges to near-optimal solution in 50-100 generations, demonstrating
how crossover combines good item selections from different parents.

      


      
        Summary


  
    Functions
  


    
      
        batch_evaluate(entities, context)

      


        Default implementation of batch_evaluate/2 that delegates to shared implementation.



    


    
      
        run(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      batch_evaluate(entities, context)



        
          
        

    

  


  

Default implementation of batch_evaluate/2 that delegates to shared implementation.
Raises on invalid fitness results. Override to customize error handling.

  



    

  
    
      
    
    
      run(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Jido.Evolve.Examples.TravelingSalesman 
    



      
Traveling Salesman Problem (TSP): Find the shortest route visiting all cities.
Problem Description
Given a list of cities with x,y coordinates, find the shortest route that
visits each city exactly once and returns to the starting city.
This is an NP-hard problem that demonstrates:
	Permutation genomes: Order of cities matters
	Specialized operators: PMX crossover preserves valid permutations
	Local optima: GAs can escape local minima through crossover

Genome Representation
Permutation of city indices:
[0, 3, 1, 4, 2]  # Visit cities in order: 0 -> 3 -> 1 -> 4 -> 2 -> 0
Fitness Evaluation
Fitness = -total_distance (negative so shorter is better)
Usage
iex> Jido.Evolve.Examples.TravelingSalesman.run()
# Evolution progress shown...
# Converges to near-optimal route
Expected Results
Converges to within 5-10% of optimal in 100-300 generations,
demonstrating how PMX crossover combines good route segments.

      


      
        Summary


  
    Functions
  


    
      
        batch_evaluate(entities, context)

      


        Default implementation of batch_evaluate/2 that delegates to shared implementation.



    


    
      
        demo()

      


    


    
      
        run(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      batch_evaluate(entities, context)



        
          
        

    

  


  

Default implementation of batch_evaluate/2 that delegates to shared implementation.
Raises on invalid fitness results. Override to customize error handling.

  



  
    
      
    
    
      demo()



        
          
        

    

  


  


  



    

  
    
      
    
    
      run(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Jido.Evolve.Examples.Utils 
    



      
Shared utilities for Jido.Evolve examples.

      


      
        Summary


  
    Functions
  


    
      
        format_fitness(fitness)

      


        Format a fitness value for display.



    


    
      
        print_header(title, opts \\ [])

      


        Print a demo header with key-value pairs.



    


    
      
        random_binary(n)

      


        Generate a random binary vector of length n.



    


    
      
        random_permutation(n)

      


        Generate a random permutation of integers 0..n-1.



    


    
      
        should_log?(generation, print_every \\ 10)

      


        Determine if logging should occur for this generation.



    





      


      
        Functions


        


  
    
      
    
    
      format_fitness(fitness)



        
          
        

    

  


  

Format a fitness value for display.

  



    

  
    
      
    
    
      print_header(title, opts \\ [])



        
          
        

    

  


  

Print a demo header with key-value pairs.

  



  
    
      
    
    
      random_binary(n)



        
          
        

    

  


  

Generate a random binary vector of length n.

  



  
    
      
    
    
      random_permutation(n)



        
          
        

    

  


  

Generate a random permutation of integers 0..n-1.

  



    

  
    
      
    
    
      should_log?(generation, print_every \\ 10)



        
          
        

    

  


  

Determine if logging should occur for this generation.

  


        

      


  

    
Jido.Evolve.Fitness behaviour
    



      
Behaviour for fitness evaluation functions.
Fitness functions determine how well an entity performs
against the optimization criteria.

      


      
        Summary


  
    Types
  


    
      
        context()

      


    


    
      
        entity()

      


    


    
      
        eval_result()

      


    


    
      
        metadata()

      


    


    
      
        score()

      


    


    
      
        score_map()

      


    





  
    Callbacks
  


    
      
        batch_evaluate(list, context)

      


        Batch evaluate multiple entities for efficiency.



    


    
      
        compare(entity, entity, context)

      


        Compare two entities directly without computing scores.



    


    
      
        evaluate(entity, context)

      


        Evaluate a single entity's fitness.



    





  
    Functions
  


    
      
        batch_evaluate(mod, entities, context)

      


        Shared batch evaluation implementation.



    


    
      
        score_or_raise!(other)

      


        Extract score from evaluate/2 result, raising on invalid format.



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          @type context() :: map()


      



  



  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: term()


      



  



  
    
      
    
    
      eval_result()



        
          
        

    

  


  

      

          @type eval_result() :: {:ok, score()} | {:ok, score_map()} | {:error, term()}


      



  



  
    
      
    
    
      metadata()



        
          
        

    

  


  

      

          @type metadata() :: map()


      



  



  
    
      
    
    
      score()



        
          
        

    

  


  

      

          @type score() :: float()


      



  



  
    
      
    
    
      score_map()



        
          
        

    

  


  

      

          @type score_map() :: %{:score => score(), optional(:metadata) => metadata()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      batch_evaluate(list, context)


        (optional)


        
          
        

    

  


  

      

          @callback batch_evaluate([entity()], context()) ::
  {:ok, [{entity(), score()}]} | {:error, term()}


      


Batch evaluate multiple entities for efficiency.
Default implementation calls evaluate/2 for each entity.
Override for performance when batch evaluation is available.

  



  
    
      
    
    
      compare(entity, entity, context)


        (optional)


        
          
        

    

  


  

      

          @callback compare(entity(), entity(), context()) :: :better | :worse | :equal


      


Compare two entities directly without computing scores.
This can be more efficient than scoring both entities
when only relative fitness matters.

  



  
    
      
    
    
      evaluate(entity, context)



        
          
        

    

  


  

      

          @callback evaluate(entity(), context()) :: eval_result()


      


Evaluate a single entity's fitness.
Returns either a simple score or a score with metadata.
Higher scores indicate better fitness.
Examples
def evaluate(text, _context) do
  similarity = String.jaro_distance(text, @target)
  {:ok, similarity}
end

def evaluate(text, _context) do
  score = String.jaro_distance(text, @target)
  {:ok, %{score: score, metadata: %{length: String.length(text)}}}
end

  


        

      

      
        Functions


        


  
    
      
    
    
      batch_evaluate(mod, entities, context)



        
          
        

    

  


  

      

          @spec batch_evaluate(module(), [entity()], context()) :: {:ok, [{entity(), score()}]}


      


Shared batch evaluation implementation.
Evaluates multiple entities using the provided module's evaluate/2 callback.

  



  
    
      
    
    
      score_or_raise!(other)



        
          
        

    

  


  

      

          @spec score_or_raise!(eval_result()) :: score()


      


Extract score from evaluate/2 result, raising on invalid format.
Handles both simple scores and score maps with optional metadata.

  


        

      


  

    
Jido.Evolve.Mutation behaviour
    



      
Behaviour for mutation strategies.
Mutation introduces variation into the population by
modifying entities in various ways.

      


      
        Summary


  
    Types
  


    
      
        entity()

      


    


    
      
        feedback()

      


    


    
      
        opts()

      


    





  
    Callbacks
  


    
      
        mutate(entity, opts)

      


        Mutate an entity.



    


    
      
        mutate_with_feedback(entity, feedback, opts)

      


        Mutate an entity with feedback from previous evaluations.



    


    
      
        mutation_strength(integer)

      


        Calculate mutation strength based on generation number.



    





      


      
        Types


        


  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: term()


      



  



  
    
      
    
    
      feedback()



        
          
        

    

  


  

      

          @type feedback() :: map()


      



  



  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: keyword()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      mutate(entity, opts)



        
          
        

    

  


  

      

          @callback mutate(entity(), opts()) :: {:ok, entity()} | {:error, term()}


      


Mutate an entity.
The mutation should introduce variation while preserving
the general structure of the entity.
Options
	:rate - Mutation rate (0.0 to 1.0), defaults to 0.1
	:strength - Mutation strength (0.0 to 1.0), defaults to 0.5

Examples
def mutate(entity, opts) do
  rate = Keyword.get(opts, :rate, 0.1)
  # Apply mutations based on rate
  {:ok, mutated_entity}
end

  



  
    
      
    
    
      mutate_with_feedback(entity, feedback, opts)


        (optional)


        
          
        

    

  


  

      

          @callback mutate_with_feedback(entity(), feedback(), opts()) ::
  {:ok, entity()} | {:error, term()}


      


Mutate an entity with feedback from previous evaluations.
This allows for more intelligent mutations that take into
account what has worked well in the past.

  



  
    
      
    
    
      mutation_strength(integer)


        (optional)


        
          
        

    

  


  

      

          @callback mutation_strength(integer()) :: float()


      


Calculate mutation strength based on generation number.
This allows for adaptive mutation rates that change over time,
typically starting high for exploration and decreasing for exploitation.

  


        

      


  

    
Jido.Evolve.Mutation.AdaptiveText 
    



      
Adaptive text mutation strategy that adjusts mutation rate based on fitness.
Uses high mutation rate early for exploration, then lowers it as fitness
improves for fine-tuning convergence.

      


      
        Summary


  
    Functions
  


    
      
        mutate(entity, opts \\ [])

      


        Apply adaptive mutation to a string entity.



    


    
      
        mutation_strength(generation)

      


        Calculate mutation strength based on generation number.



    





      


      
        Functions


        


    

  
    
      
    
    
      mutate(entity, opts \\ [])



        
          
        

    

  


  

Apply adaptive mutation to a string entity.
Options
	:rate - Base mutation rate (adjusted based on fitness context)
	:strength - Mutation strength (0.0 to 1.0), default: 0.5
	:operations - List of allowed operations (default: [:replace])
	:high_rate - High mutation rate for early exploration (default: 0.4)
	:low_rate - Low mutation rate for convergence (default: 0.08)
	:fitness_threshold - Switch to low rate when best fitness exceeds this (default: 0.8)
	:best_fitness - Current best fitness (from context, required for adaptation)


  



  
    
      
    
    
      mutation_strength(generation)



        
          
        

    

  


  

Calculate mutation strength based on generation number.

  


        

      


  

    
Jido.Evolve.Mutation.Binary 
    



      
Bit-flip mutation for binary genomes.
Randomly flips bits (0→1 or 1→0) based on mutation rate.
Each position has an independent probability of being flipped.
Usage
config = %{
  mutation_strategy: Jido.Evolve.Mutation.Binary,
  mutation_rate: 0.1  # 10% chance per bit
}

      


      
        Summary


  
    Functions
  


    
      
        mutate_with_feedback(entity, feedback, opts)

      


        Default implementation of mutate_with_feedback/3 that ignores feedback.



    


    
      
        mutation_strength(generation)

      


        Default mutation strength that decreases linearly with generation.



    





      


      
        Functions


        


  
    
      
    
    
      mutate_with_feedback(entity, feedback, opts)



        
          
        

    

  


  

Default implementation of mutate_with_feedback/3 that ignores feedback.

  



  
    
      
    
    
      mutation_strength(generation)



        
          
        

    

  


  

Default mutation strength that decreases linearly with generation.

  


        

      


  

    
Jido.Evolve.Mutation.HParams 
    



      
Schema-driven mutation for hyperparameter maps.
Mutates values according to their type in the schema:
	Floats: Gaussian perturbation (log-space for log-scale)
	Integers: ±1 step with clamping
	Enums: Random reselection with low probability
	Lists: Mutate elements, insert, or delete

Options
	:schema - Schema definition (required)
	:rate - Mutation rate per parameter (default: from config)
	:gaussian_scale - Scale for Gaussian mutations (default: 0.1)

Example
schema = %{
  learning_rate: {:float, 0.001..0.1, :log},
  activation: {:enum, [:relu, :tanh]}
}

hparams = %{learning_rate: 0.01, activation: :relu}
mutate(hparams, config, schema: schema)

      


      
        Summary


  
    Functions
  


    
      
        mutate_with_feedback(entity, feedback, opts)

      


        Default implementation of mutate_with_feedback/3 that ignores feedback.



    


    
      
        mutation_strength(generation)

      


        Default mutation strength that decreases linearly with generation.



    





      


      
        Functions


        


  
    
      
    
    
      mutate_with_feedback(entity, feedback, opts)



        
          
        

    

  


  

Default implementation of mutate_with_feedback/3 that ignores feedback.

  



  
    
      
    
    
      mutation_strength(generation)



        
          
        

    

  


  

Default mutation strength that decreases linearly with generation.

  


        

      


  

    
Jido.Evolve.Mutation.Permutation 
    



      
Mutation strategies for permutation genomes.
Supports three mutation modes:
	:swap - Swap two random positions
	:inversion - Reverse a random segment
	:insertion - Remove an element and insert it elsewhere

Options
	:mode - Mutation mode (default: :swap)
	:rate - Mutation rate (default: from config)

Examples
# Swap mutation
mutate([0, 1, 2, 3, 4], 1.0, mode: :swap)
# => [0, 3, 2, 1, 4]

# Inversion mutation
mutate([0, 1, 2, 3, 4], 1.0, mode: :inversion)
# => [0, 3, 2, 1, 4]

# Insertion mutation
mutate([0, 1, 2, 3, 4], 1.0, mode: :insertion)
# => [0, 1, 3, 4, 2]

      


      
        Summary


  
    Functions
  


    
      
        mutate_with_feedback(entity, feedback, opts)

      


        Default implementation of mutate_with_feedback/3 that ignores feedback.



    


    
      
        mutation_strength(generation)

      


        Default mutation strength that decreases linearly with generation.



    





      


      
        Functions


        


  
    
      
    
    
      mutate_with_feedback(entity, feedback, opts)



        
          
        

    

  


  

Default implementation of mutate_with_feedback/3 that ignores feedback.

  



  
    
      
    
    
      mutation_strength(generation)



        
          
        

    

  


  

Default mutation strength that decreases linearly with generation.

  


        

      


  

    
Jido.Evolve.Mutation.Random 
    



      
Random mutation strategy for any evolvable entity.
Applies random mutations to the genome representation of entities.

      


      
        Summary


  
    Functions
  


    
      
        mutate(entity, opts \\ [])

      


        Apply random mutations to an entity.



    





      


      
        Functions


        


    

  
    
      
    
    
      mutate(entity, opts \\ [])



        
          
        

    

  


  

Apply random mutations to an entity.
The mutation works on the genome representation and supports:
	Character replacement (for strings/charlists)
	Insertion of random elements
	Deletion of elements

Options
	:rate - Mutation rate (0.0 to 1.0), default: 0.1
	:strength - Mutation strength (0.0 to 1.0), default: 0.5
	:operations - List of allowed operations (default: [:replace, :insert, :delete])

Examples
iex> {:ok, mutated} = Jido.Evolve.Mutation.Random.mutate("hello", rate: 0.5)
iex> is_binary(mutated)
true

  


        

      


  

    
Jido.Evolve.Mutation.Text 
    



      
Text-specific mutation strategy that works directly with strings.
This mutation strategy is designed specifically for text/string evolution
and provides efficient mutations for string data.

      


      
        Summary


  
    Functions
  


    
      
        mutate(entity, opts \\ [])

      


        Apply random mutations to a string entity.



    


    
      
        mutation_strength(generation)

      


        Calculate mutation strength based on generation number.
Returns a value between 0.0 and 1.0.



    





      


      
        Functions


        


    

  
    
      
    
    
      mutate(entity, opts \\ [])



        
          
        

    

  


  

Apply random mutations to a string entity.
Options
	:rate - Mutation rate (0.0 to 1.0), default: 0.1
	:strength - Mutation strength (0.0 to 1.0), default: 0.5
	:operations - List of allowed operations (default: [:replace])

Examples
iex> {:ok, mutated} = Jido.Evolve.Mutation.Text.mutate("hello", rate: 0.5)
iex> is_binary(mutated)
true

  



  
    
      
    
    
      mutation_strength(generation)



        
          
        

    

  


  

Calculate mutation strength based on generation number.
Returns a value between 0.0 and 1.0.

  


        

      


  

    
Jido.Evolve.Options 
    



      
Canonical option validation and normalization for Jido.Evolve.evolve/1.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts)

      


        Validate and normalize public evolve options.



    


    
      
        new!(opts)

      


        Validate and normalize options, raising on invalid input.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.Options{
  config: nil | nil | any(),
  context: map(),
  crossover: nil | nil | any(),
  fitness: any(),
  initial_population: [any()],
  mutation: nil | nil | any(),
  selection: nil | nil | any()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

          @spec new(keyword() | map()) :: {:ok, t()} | {:error, Exception.t()}


      


Validate and normalize public evolve options.

  



  
    
      
    
    
      new!(opts)



        
          
        

    

  


  

      

          @spec new!(keyword() | map()) :: t()


      


Validate and normalize options, raising on invalid input.

  


        

      


  

    
Jido.Evolve.Selection behaviour
    



      
Behaviour for selection strategies.
Selection determines which entities from the current population
should be chosen as parents for the next generation.

      


      
        Summary


  
    Types
  


    
      
        count()

      


    


    
      
        entity()

      


    


    
      
        opts()

      


    


    
      
        population()

      


    


    
      
        scores()

      


    





  
    Callbacks
  


    
      
        maintain_diversity(population, population, opts)

      


        Maintain diversity in the selected population.



    


    
      
        select(population, scores, count, opts)

      


        Select entities from the population for reproduction.



    





      


      
        Types


        


  
    
      
    
    
      count()



        
          
        

    

  


  

      

          @type count() :: pos_integer()


      



  



  
    
      
    
    
      entity()



        
          
        

    

  


  

      

          @type entity() :: term()


      



  



  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: keyword()


      



  



  
    
      
    
    
      population()



        
          
        

    

  


  

      

          @type population() :: [entity()]


      



  



  
    
      
    
    
      scores()



        
          
        

    

  


  

      

          @type scores() :: %{required(entity()) => float()}


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      maintain_diversity(population, population, opts)


        (optional)


        
          
        

    

  


  

      

          @callback maintain_diversity(population(), population(), opts()) :: population()


      


Maintain diversity in the selected population.
This optional callback can be implemented to ensure
the selected population maintains genetic diversity.

  



  
    
      
    
    
      select(population, scores, count, opts)



        
          
        

    

  


  

      

          @callback select(population(), scores(), count(), opts()) :: population()


      


Select entities from the population for reproduction.
Parameters
	population - The current population
	scores - Map of entity to fitness score
	count - Number of entities to select
	opts - Strategy-specific options

Returns
A list of selected entities for reproduction.
Examples
def select(population, scores, count, opts) do
  # Tournament selection implementation
  Enum.take_random(population, count)
end

  


        

      


  

    
Jido.Evolve.Selection.Tournament 
    



      
Tournament selection strategy.
Selects entities by running tournaments between randomly chosen
candidates and picking the winner based on fitness scores.

      


      
        Summary


  
    Functions
  


    
      
        maintain_diversity(population, selected, opts)

      


        Default diversity maintenance that returns the selected population unchanged.



    


    
      
        select(population, scores, count, opts \\ [])

      


        Select entities using tournament selection.



    





      


      
        Functions


        


  
    
      
    
    
      maintain_diversity(population, selected, opts)



        
          
        

    

  


  

Default diversity maintenance that returns the selected population unchanged.

  



    

  
    
      
    
    
      select(population, scores, count, opts \\ [])



        
          
        

    

  


  

Select entities using tournament selection.
Options
	:tournament_size - Number of entities in each tournament (default: 2)
	:pressure - Selection pressure multiplier (default: 1.0)

Examples
population = ["a", "b", "c", "d"]
scores = %{"a" => 0.8, "b" => 0.6, "c" => 0.9, "d" => 0.3}
selected = Jido.Evolve.Selection.Tournament.select(population, scores, 2, tournament_size: 2)

  


        

      


  

    
Jido.Evolve.State 
    



      
Represents the state of an evolutionary algorithm at a given generation.
This structure tracks the current population, their fitness scores,
and metadata about the evolution process.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        calculate_diversity(state)

      


        Calculate diversity of the current population.



    


    
      
        new(attrs)

      


        Create a new state from attributes.



    


    
      
        new(population, config)

      


        Create a new initial state from a population and config.



    


    
      
        new!(attrs)

      


        Create a new state, raising on validation errors.



    


    
      
        next_generation(state, new_population)

      


        Update the population and advance the generation counter.



    


    
      
        put_metadata(state, key, value)

      


        Add metadata to the state.



    


    
      
        terminated?(state)

      


        Check if termination criteria are met.



    


    
      
        update_scores(state, scores)

      


        Update the state with new fitness scores.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.State{
  average_score: number(),
  best_entity: nil | nil | any(),
  best_score: number(),
  config: %Jido.Evolve.Config{
    checkpoint_interval: nil | nil | integer(),
    crossover_rate: number(),
    crossover_strategy: atom(),
    elitism_rate: number(),
    evaluation_timeout: integer() | :infinity,
    generations: integer(),
    max_concurrency: integer(),
    metrics_enabled: boolean(),
    mutation_rate: number(),
    mutation_strategy: atom(),
    population_size: integer(),
    random_seed: nil | nil | integer(),
    selection_pressure: number(),
    selection_strategy: atom(),
    termination_criteria: [
      max_generations: integer(),
      target_fitness: number(),
      no_improvement: integer()
    ],
    tournament_size: integer()
  },
  diversity: number(),
  fitness_history: [number()],
  generation: integer(),
  metadata: map(),
  population: [any()],
  scores: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      calculate_diversity(state)



        
          
        

    

  


  

      

          @spec calculate_diversity(t()) :: t()


      


Calculate diversity of the current population.
This is useful for monitoring convergence and maintaining diversity.

  



  
    
      
    
    
      new(attrs)



        
          
        

    

  


  

      

          @spec new(map() | keyword()) :: {:ok, t()} | {:error, term()}


      


Create a new state from attributes.

  



  
    
      
    
    
      new(population, config)



        
          
        

    

  


  

      

          @spec new([any()], Jido.Evolve.Config.t()) :: t()


      


Create a new initial state from a population and config.
Examples
iex> config = Jido.Evolve.Config.new!()
iex> state = Jido.Evolve.State.new(["a", "b", "c"], config)
iex> state.population
["a", "b", "c"]

  



  
    
      
    
    
      new!(attrs)



        
          
        

    

  


  

      

          @spec new!(map() | keyword()) :: t()


      


Create a new state, raising on validation errors.

  



  
    
      
    
    
      next_generation(state, new_population)



        
          
        

    

  


  

      

          @spec next_generation(t(), [any()]) :: t()


      


Update the population and advance the generation counter.

  



  
    
      
    
    
      put_metadata(state, key, value)



        
          
        

    

  


  

      

          @spec put_metadata(t(), atom() | String.t(), term()) :: t()


      


Add metadata to the state.

  



  
    
      
    
    
      terminated?(state)



        
          
        

    

  


  

      

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


      


Check if termination criteria are met.

  



  
    
      
    
    
      update_scores(state, scores)



        
          
        

    

  


  

      

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


      


Update the state with new fitness scores.
This recalculates the best entity, best score, and average score.

  


        

      


  

    
Jido.Evolve.Error.Config exception
    



      
Configuration error class.

      


      
        Summary


  
    Functions
  


    
      
        exception(args)

      


        Create an Elixir.Jido.Evolve.Error.Config without raising it.



    


    
      
        message(map)

      


        Callback implementation for Exception.message/1.



    





      


      
        Functions


        


    

  
    
      
    
    
      exception(args)



        
          
        

    

  


  

      

          @spec exception(opts :: Keyword.t()) :: %Jido.Evolve.Error.Config{
  __exception__: true,
  bread_crumbs: term(),
  class: term(),
  errors: term(),
  path: term(),
  splode: term(),
  stacktrace: term(),
  vars: term()
}


      


Create an Elixir.Jido.Evolve.Error.Config without raising it.
Keys
	:errors


  



  
    
      
    
    
      message(map)



        
          
        

    

  


  

Callback implementation for Exception.message/1.

  


        

      


  

    
Jido.Evolve.Error.ConfigError exception
    



      
Error raised for invalid configuration.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.Error.ConfigError{
  __exception__: true,
  details: map() | nil,
  message: String.t()
}


      



  


        

      


  

    
Jido.Evolve.Error.Execution exception
    



      
Execution error class.

      


      
        Summary


  
    Functions
  


    
      
        exception(args)

      


        Create an Elixir.Jido.Evolve.Error.Execution without raising it.



    


    
      
        message(map)

      


        Callback implementation for Exception.message/1.



    





      


      
        Functions


        


    

  
    
      
    
    
      exception(args)



        
          
        

    

  


  

      

          @spec exception(opts :: Keyword.t()) :: %Jido.Evolve.Error.Execution{
  __exception__: true,
  bread_crumbs: term(),
  class: term(),
  errors: term(),
  path: term(),
  splode: term(),
  stacktrace: term(),
  vars: term()
}


      


Create an Elixir.Jido.Evolve.Error.Execution without raising it.
Keys
	:errors


  



  
    
      
    
    
      message(map)



        
          
        

    

  


  

Callback implementation for Exception.message/1.

  


        

      


  

    
Jido.Evolve.Error.ExecutionError exception
    



      
Error raised for execution failures.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.Error.ExecutionError{
  __exception__: true,
  details: map() | nil,
  message: String.t()
}


      



  


        

      


  

    
Jido.Evolve.Error.Internal exception
    



      
Internal error class.

      


      
        Summary


  
    Functions
  


    
      
        exception(args)

      


        Create an Elixir.Jido.Evolve.Error.Internal without raising it.



    


    
      
        message(map)

      


        Callback implementation for Exception.message/1.



    





      


      
        Functions


        


    

  
    
      
    
    
      exception(args)



        
          
        

    

  


  

      

          @spec exception(opts :: Keyword.t()) :: %Jido.Evolve.Error.Internal{
  __exception__: true,
  bread_crumbs: term(),
  class: term(),
  errors: term(),
  path: term(),
  splode: term(),
  stacktrace: term(),
  vars: term()
}


      


Create an Elixir.Jido.Evolve.Error.Internal without raising it.
Keys
	:errors


  



  
    
      
    
    
      message(map)



        
          
        

    

  


  

Callback implementation for Exception.message/1.

  


        

      


  

    
Jido.Evolve.Error.InternalError exception
    



      
Error raised for unexpected internal failures.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.Error.InternalError{
  __exception__: true,
  details: map() | nil,
  message: String.t()
}


      



  


        

      


  

    
Jido.Evolve.Error.Invalid exception
    



      
Invalid input error class.

      


      
        Summary


  
    Functions
  


    
      
        exception(args)

      


        Create an Elixir.Jido.Evolve.Error.Invalid without raising it.



    


    
      
        message(map)

      


        Callback implementation for Exception.message/1.



    





      


      
        Functions


        


    

  
    
      
    
    
      exception(args)



        
          
        

    

  


  

      

          @spec exception(opts :: Keyword.t()) :: %Jido.Evolve.Error.Invalid{
  __exception__: true,
  bread_crumbs: term(),
  class: term(),
  errors: term(),
  path: term(),
  splode: term(),
  stacktrace: term(),
  vars: term()
}


      


Create an Elixir.Jido.Evolve.Error.Invalid without raising it.
Keys
	:errors


  



  
    
      
    
    
      message(map)



        
          
        

    

  


  

Callback implementation for Exception.message/1.

  


        

      


  

    
Jido.Evolve.Error.InvalidInputError exception
    



      
Error raised for invalid input.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Jido.Evolve.Error.InvalidInputError{
  __exception__: true,
  details: map() | nil,
  field: atom() | nil,
  message: String.t(),
  value: any() | nil
}


      



  


        

      


  

    
mix jido_evolve.install 
    



      
Install and configure Jido.Evolve for use in an application.
Example
mix jido_evolve.install
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