

    

        Fixpoint

        v0.12.2



    


  

    Table of contents

    
      



      	Constraint Programming Solver





        	
          Modules
          


      	CPSolver


      	CPSolver.Algorithms.Kuhn


      	CPSolver.Algorithms.Kuhn2


      	CPSolver.Application


      	CPSolver.BitVectorDomain


      	CPSolver.BooleanVariable


      	CPSolver.Common


      	CPSolver.Constraint


      	CPSolver.Constraint.Absolute


      	CPSolver.Constraint.AllDifferent


      	CPSolver.Constraint.AllDifferent.BC


      	CPSolver.Constraint.AllDifferent.Binary


      	CPSolver.Constraint.AllDifferent.Combined


      	CPSolver.Constraint.AllDifferent.DC


      	CPSolver.Constraint.AllDifferent.DC.Fast


      	CPSolver.Constraint.AllDifferent.FWC


      	CPSolver.Constraint.Circuit


      	CPSolver.Constraint.Count


      	CPSolver.Constraint.Element


      	CPSolver.Constraint.Element2D


      	CPSolver.Constraint.ElementVar


      	CPSolver.Constraint.Equal


      	CPSolver.Constraint.Factory


      	CPSolver.Constraint.HalfReified


      	CPSolver.Constraint.Inverse


      	CPSolver.Constraint.InverseHalfReified


      	CPSolver.Constraint.Less


      	CPSolver.Constraint.LessOrEqual


      	CPSolver.Constraint.Modulo


      	CPSolver.Constraint.NotEqual


      	CPSolver.Constraint.Or


      	CPSolver.Constraint.Reified


      	CPSolver.Constraint.Sum


      	CPSolver.ConstraintStore


      	CPSolver.DefaultDomain


      	CPSolver.Distributed


      	CPSolver.Examples.Euler43


      	CPSolver.Examples.GraphColoring


      	CPSolver.Examples.Knapsack


      	CPSolver.Examples.QAP


      	CPSolver.Examples.Queens


      	CPSolver.Examples.Reindeers


      	CPSolver.Examples.SendMoreMoney


      	CPSolver.Examples.StableMarriage


      	CPSolver.Examples.Sudoku


      	CPSolver.Examples.TSP


      	CPSolver.Examples.Utils


      	CPSolver.Examples.XKCD.NP


      	CPSolver.Examples.Zebra


      	CPSolver.IntVariable


      	CPSolver.Model


      	CPSolver.Objective


      	CPSolver.Objective.Propagator


      	CPSolver.Propagator


      	CPSolver.Propagator.Absolute


      	CPSolver.Propagator.AbsoluteNotEqual


      	CPSolver.Propagator.AllDifferent.BC


      	CPSolver.Propagator.AllDifferent.DC


      	CPSolver.Propagator.AllDifferent.DC.Fast


      	CPSolver.Propagator.AllDifferent.FWC


      	CPSolver.Propagator.AllDifferent.Zhang


      	CPSolver.Propagator.Circuit


      	CPSolver.Propagator.ConstraintGraph


      	CPSolver.Propagator.Element2D


      	CPSolver.Propagator.ElementVar


      	CPSolver.Propagator.Equal


      	CPSolver.Propagator.Less


      	CPSolver.Propagator.LessOrEqual


      	CPSolver.Propagator.Modulo


      	CPSolver.Propagator.NotEqual


      	CPSolver.Propagator.Or


      	CPSolver.Propagator.Reified


      	CPSolver.Propagator.Sum


      	CPSolver.Propagator.Sum2


      	CPSolver.Propagator.Variable


      	CPSolver.Search


      	CPSolver.Search.Partition


      	CPSolver.Search.ValueSelector


      	CPSolver.Search.ValueSelector.Max


      	CPSolver.Search.ValueSelector.Min


      	CPSolver.Search.ValueSelector.Random


      	CPSolver.Search.ValueSelector.Split


      	CPSolver.Search.VariableSelector


      	CPSolver.Search.VariableSelector.AFC


      	CPSolver.Search.VariableSelector.Action


      	CPSolver.Search.VariableSelector.CHB


      	CPSolver.Search.VariableSelector.DomDeg


      	CPSolver.Search.VariableSelector.FirstFail


      	CPSolver.Search.VariableSelector.InputOrder


      	CPSolver.Search.VariableSelector.MaxRegret


      	CPSolver.Search.VariableSelector.MostCompleted


      	CPSolver.Search.VariableSelector.MostConstrained


      	CPSolver.Shared


      	CPSolver.Solution


      	CPSolver.Solution.DefaultHandler


      	CPSolver.Space


      	CPSolver.Space.Propagation


      	CPSolver.Utils


      	CPSolver.Utils.BitGraph


      	CPSolver.Utils.Digraph


      	CPSolver.Utils.MaximumMatching


      	CPSolver.Utils.MutableArray


      	CPSolver.Utils.MutableOrder


      	CPSolver.Utils.TupleArray


      	CPSolver.ValueGraph


      	CPSolver.Variable


      	CPSolver.Variable.Interface


      	CPSolver.Variable.Interface.ThrowIfFails


      	CPSolver.Variable.View


      	CPSolver.Variable.View.Factory


      	PackedMinMax





        



      

    

  

    Constraint Programming Solver

The approach
The implementation follows the ideas described in Chapter 12, "Concepts, Techniques, and Models
  of Computer Programming" by Peter Van Roy and Seif Haridi.
An overview of CP implementation in Mozart/Oz.
Status
Proof of concept. Not suitable for use in production. Significant API changes and core implementation rewrites are expected.
Intro
[image: Run in Livebook]
Implemented constraints
	equal, not_equal, less_or_equal
	absolute
	all_different
	inverse
	sum, modulo
	element, element2d
	circuit
	OR

Features
	views (linear combinations of variables in constraints)
	partial support for reified constraints  
	solving constraint satisfaction (CSP) and constrained optimization (COP) problems
	parallel search
	pluggable search strategies
	distributed solving  

Installation
The package can be installed by adding fixpoint to your list of dependencies in mix.exs:
def deps do
  [
    {:fixpoint, "~> 0.8.28"}
  ]
end
Usage
Getting started
Let's solve the following constraint satisfaction problem:
Given two sets of values
 x = {1,2}, y = {0, 1}
, find all solutions such that $x$ $\neq$ $y$
First step is to create a model that describes the problem we want to solve.
The model consists of variables and constraints over the variables.
In this example, we have 2 variables $x$ and $y$ and a single constraint $x$ $\neq$ $y$
alias CPSolver.IntVariable
alias CPSolver.Constraint.NotEqual
alias CPSolver.Model
## Variable constructor takes a domain (i.e., set of values), and optional parameters, such as `name`
x = IntVariable.new([1, 2], name: "x")
y = IntVariable.new([0, 1], name: "y")
## Create NotEqual constraint
neq_constraint =  NotEqual.new(x, y)
Now create an instance of CPSolver.Model:
model = Model.new([x, y], [neq_constraint])
Once we have a model, we pass it to CPSolver.solve/1,2.
We can either solve asynchronously:
## Asynchronous solving doesn't block 
{:ok, solver} = CPSolver.solve_async(model)
Process.sleep(10)
## We can check for solutions and solver state and/or stats,
## for instance:
## There are 3 solutions: {x = 1, y = 0}, {x = 2,  y = 0}, {x = 2, y = 1} 
iex(46)> CPSolver.solutions(solver)
[[1, 0], [2, 0], [2, 1]]

## Solver reports it has found all solutions    
iex(47)> CPSolver.status(solver)
:all_solutions 

## Some stats
iex(48)> CPSolver.statistics(solver)
%{
  elapsed_time: 2472,
  solution_count: 3,
  active_node_count: 0,
  failure_count: 0,
  node_count: 5
}

, or use a blocking call:
iex(49)> {:ok, results} = CPSolver.solve(model)
{:ok,
 %{
   status: :all_solutions,
   statistics: %{
     elapsed_time: 3910,
     solution_count: 3,
     active_node_count: 0,
     failure_count: 0,
     node_count: 5
   },
   variables: ["x", "y"],
   objective: nil,
   solutions: [[2, 1], [1, 0], [2, 0]]
 }}
API
#################
# Solving       
#################
# 
# Asynchronous solving.
# Takes CPSolver.Model instance and solver options as a Keyword. 
# Creates a solver process that runs asynchronously
# and could be controlled and queried for produced solutions and/or status as it runs.
# The solver process is alive even after the solving is completed.
# It's the responsibility of a caller to dispose of it when no longer needed.
# (by calling CPSolver.dispose/1)
  
{:ok, solver} = CPSolver.solve_async(model, solver_opts)

# Synchronous solving.
# Takes CPSolver.Model instance and solver options as a Keyword. 
# Starts the solver and gets the results (solutions and/or solver stats) once the solver finishes.
{:ok, solver_results} = CPSolver.solve(model, solver_opts)
, where 
	model - specification of the model;
	solver_opts (optional) - solver options.

Model specification
For CSP (constraint satisfaction problem):
model = CPSolver.Model.new(variables, constraints)
, where
	 variables is a list of variables up to a concrete implementation.

  Currently, the only implementation supported is for variables over integer finite domain.
	constraints is a list of constraints. 
Available constraints


For COP (constraint optimization problem):
model = CPSolver.Model.new(variables, constraints, objective: objective)
The same as for CSP, but with additional :objective option. The objective is constructed by using
CPSolver.Objective.minimize/1 and CPSolver.Objective.maximize/1. 
Example of COP model 
Configuring solver
Available options:
	solution_handler: function()
A callback that gets called performed every time the solver finds a new solution. The single argument is a list of tuples
{variable_name, variable_value}

	timeout: integer()
Time to wait (in milliseconds) for terminating CPSolver.solve_sync/2 call. Defaults to 30_000.

	stop_on: term() | condition_fun()
Condition for stopping the solving. Currently, only {:max_solutions, max_solutions} condition is available.
Defaults to nil.

	search: {variable_choice(), value_choice()}
Search strategy. 

	space_threads: integer()
Defines the number of processes for parallel search. Defaults to 8.

	distributed: boolean() | [Node.t()]
If true, all connected nodes will participate in distributed solving.
Alternatively, one can specify the sublist of connected nodes.
Defaults to false.


Distributed solving
Fixpoint allows to solve an instance of CSP/COP problem using multiple cluster nodes.
Note: Fixpoint will not configure the cluster nodes! 
It's assumed that each node has the cluster membership and the fixpoint dependency is installed on it.
The solving starts on a 'leader' node, and then the work is distributed across participating nodes.
The 'leader' node coordinates the process of solving through shared solver state.
Let's collect all solutions for 8-Queens problem using distributed solving.
For demonstration purposes, we will spawn peer nodes like so:
iex --name leader --cookie solver -S mix

### Let's spawn 2 worker nodes...
worker_nodes = Enum.map(["node1", "node2"], fn node -> 
  {:ok, _pid, node_name} = :peer.start(%{name: node, longnames: true, args: ['-setcookie', 'solver']})
  :erpc.call(node_name, :code, :add_paths, [:code.get_path()])
  node_name
end)
Then we'll pass spawned worker nodes to the solver: 
## To convince ourselves that the solving runs on worker nodes, we'll use a solution handler:
solution_handler = fn solution -> IO.puts("#{inspect Enum.map(solution, fn {_name, solution} -> solution end)} <- #{inspect Node.self()}") end 
{:ok, _solver} = CPSolver.solve_async(CPSolver.Examples.Queens.model(8), 
  distributed: worker_nodes, 
  solution_handler: solution_handler)
Search
Fixpoint allows to specify strategies for searching for feasible and/or optimal solutions.
This is controlled by :search option, which is a tuple {variable_choice, value_choice}.
Generally, variable_choice is either an implementation of variable selector, or an identificator of out-of-box implementation that fronts such an implementation. 
Likewise, value_choice is either an implementation of value partition, or an identificator of out-of-box implementation.
Available standard search strategies:
	For variable_choice: 
	:first_fail : choose the unfixed variable with smallest domain size
	:input_order : choose the first unfixed variable in the order defined by the model 


	For value_choice
	:indomain_min, :indomain_max, :indomain_random : choose minimal, maximal and random value from the variable domain, respectively



Default search strategy is {:first_fail, :indomain_min}
The choice of search strategy may significantly affect the performance of solving,
as the following example shows: 
Let's use some out-of-box strategies for solving an instance of Knapsack problem,
alias CPSolver.Examples.Knapsack
## First, use the default strategy
{:ok, results} = CPSolver.solve(Knapsack.tourist_knapsack_model())
results.statistics

%{
  elapsed_time: 689543,
  solution_count: 114,
  active_node_count: 0,
  failure_count: 1614,
  node_count: 3455
}

## Now, use the :indomain_max for the value choice. 
## Decision variables for items have {0,1} domain, where 1 means that the item will be packed.
## Hence, :indomain_max tells the solver to try to include the items first (i.e. choose 1 over 0).
## 
##
{:ok, results} = CPSolver.solve(Knapsack.tourist_knapsack_model(), search: {:first_fail, :indomain_max})

iex(main@zephyr.local)21> results.statistics
%{
  elapsed_time: 301501,
  solution_count: 14,
  active_node_count: 0,
  failure_count: 693,
  node_count: 1413
}
The solution time for :indomain_max is more than twice less compared to the default value choice strategy
Examples
Reindeer Ordering
Shows how to put together a model that solves a simple riddle.
N-Queens
Classical N-Queens problem
Sudoku
No explanation needed :-)
SEND+MORE=MONEY
Cryptoarithmetics problem - a riddle that involves arithmetics.
Knapsack
Constraint Optimization Problem - packing items so they fit the knapsack and maximize the total value. Think Indiana Jones trying to fill his backpack with treasures in the best way possible :-)
Quadratic Assignment
Constraint Optimization Problem - assign facilities to locations so the cost of moving goods between facilities is minimized.
Travelling Salesman problem
https://en.wikipedia.org/wiki/Travelling_salesman_problem
SAT Solver
Stable Marriage problem
https://en.wikipedia.org/wiki/Stable_marriage_problem
xkcd comic
Two combinatorial problems from https://xkcd.com/287/
Fixpoint models created by Håkan Kjellerstrand
Zebra puzzle
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Absolute value constraint.
Costraints y to be |x|
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        Callback implementation for CPSolver.Constraint.new/1.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Constraint.arguments/1.
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Callback implementation for CPSolver.Constraint.arguments/1.
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Callback implementation for CPSolver.Constraint.arguments/1.
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Callback implementation for CPSolver.Constraint.new/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.arguments/1.

  



  
    
      
    
    
      new(args)



    

  


  

Callback implementation for CPSolver.Constraint.new/1.

  


        

      


  

    
CPSolver.Constraint.Circuit 
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Callback implementation for CPSolver.Constraint.arguments/1.
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CPSolver.Constraint.Count 
    



      
Constraints c to be the number of occurencies of y in array.
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CPSolver.Constraint.Element 
    



      
Element constrains variables y and z such that:
array[x] = y
array is 1d list of integer constants
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        Callback implementation for CPSolver.Constraint.new/1.
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          @spec new(
  [integer()],
  Variable.variable_or_view() | integer(),
  Variable.variable_or_view() | integer()
) :: CPSolver.Constraint.t()


      



  


        

      


  

    
CPSolver.Constraint.Element2D 
    



      
Element2d constrains variables z, x and y such that:
array2d[x][y] = z
array2d is a regular (all rows are of the same length) list of lists of integers.
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        Callback implementation for CPSolver.Constraint.new/1.
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  CPSolver.IntVariable.variable_or_view()
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CPSolver.Constraint.ElementVar 
    



      
ElementVar constrains list of variables array, variables x and y such that:
array[x] = y
array is a list of variables
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        Callback implementation for CPSolver.Constraint.arguments/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.arguments/1.
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Callback implementation for CPSolver.Constraint.new/1.
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CPSolver.Constraint.HalfReified 
    



      
Half-reified (implication) constraint.
Extends constraint C to constraint R(C, b),
where 'b' is a boolean variable, and
b is fixed to true if C holds
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        Callback implementation for CPSolver.Constraint.arguments/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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      new(args)



    

  


  

Callback implementation for CPSolver.Constraint.new/1.
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CPSolver.Constraint.Inverse 
    



      
Constraints two arrays of variables f and inv_f
to represent an inverse function.
That is, for all i = 1..n, where n is a size of x:
   inv_f[f[i]] == i
and:
   f[inv_f[i]] == i
MiniZinc definition (fzn_inverse.mzn):
forall(i in index_set(f)) (
    f[i] in index_set(invf) /        (invf[f[i]] == i)
) /forall(j in index_set(invf)) (
invf[j] in index_set(f) /    (f[invf[j]] == j)
);
Note: the current implementation assumes the index set for both f and inv_f is always 0-based
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Inverse half-reified (inverse implication) constraint.
Extends constraint C to constraint R(C, b),
where 'b' is a boolean variable, and
C holds if b is fixed to true.
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        Callback implementation for CPSolver.Constraint.arguments/1.
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        Callback implementation for CPSolver.Constraint.new/1.



    


    
      
        new(constraint, b)

      


    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Constraint.arguments/1.
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Callback implementation for CPSolver.Constraint.new/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.new/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.new/1.
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        Callback implementation for CPSolver.Constraint.arguments/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.new/1.
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CPSolver.Constraint.Or 
    



      
ElementVar constrains list of variables array, variables x and y such that:
array[x] = y
array is a list of variables
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.new/1.
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Reified (equivalence) constraint.
Extends constraint C to constraint R(C, b),
where 'b' is a boolean variable, and
C holds iff b is fixed to true
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        Callback implementation for CPSolver.Constraint.arguments/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.arguments/1.
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Callback implementation for CPSolver.Constraint.new/1.
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        Callback implementation for CPSolver.Constraint.arguments/1.
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        Callback implementation for CPSolver.Constraint.new/1.
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Callback implementation for CPSolver.Constraint.new/1.
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          @spec new(CPSolver.IntVariable.variable_or_view(), [
  CPSolver.IntVariable.variable_or_view()
]) ::
  CPSolver.Constraint.t()


      



  


        

      


  

    
CPSolver.ConstraintStore behaviour
    



      
Constraint store is a key-value store, where key is a variable id,
and value is a implementation-dependent structure that allows to
update and keep track of variables' domains.
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          @type get_operation() :: CPSolver.Common.domain_get_operation() | nil
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          @callback create(variables :: Enum.t(), opts :: Keyword.t()) ::
  {:ok, any()} | {:error, any()}
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          @callback dispose(store :: any(), variables :: [CPSolver.Variable.t()]) ::
  :ok | :not_found
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  {:ok, any()} | {:error, any()}
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          @callback get(store :: any(), variable :: CPSolver.Variable.t(), get_operation(), [any()]) ::
  {:ok, any()} | {:error, any()}
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) :: any()
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      update(store, variable, update_operation, list)



    

  


  

      

          @callback update(store :: any(), variable :: CPSolver.Variable.t(), update_operation(), [
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]) :: any()
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  update_operation(),
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) ::
  any()
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        See CPSolver.BitVectorDomain.new/1.
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See CPSolver.BitVectorDomain.new/1.
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CPSolver.Distributed 
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        call(node, solver, mod, function, args)

      


    


    
      
        choose_worker_node(nodes \\ worker_nodes())

      


    


    
      
        worker_nodes(node_list \\ [Node.self() | Node.list()])
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CPSolver.Examples.Euler43 
    



      
https://projecteuler.net/problem=43
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        check_solution(solution)

      


    


    
      
        model()

      


        int: n = 10;
array[1..n] of var 0..9: x;
array[int] of int: primes = [2,3,5,7,11,13,17];
solve satisfy;
constraint
  all_different(x) /  forall(i in 2..8) (



    


    
      
        run(opts \\ [search: {:input_order, :indomain_random}, space_threads: 8])
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int: n = 10;
array[1..n] of var 0..9: x;
array[int] of int: primes = [2,3,5,7,11,13,17];
solve satisfy;
constraint
  all_different(x) /  forall(i in 2..8) (
(100*x[i] + 10*x[i+1] + x[i+2]) mod primes[i-1] = 0
  )
;
output [ show(x),"
"];

  



    

  
    
      
    
    
      run(opts \\ [search: {:input_order, :indomain_random}, space_threads: 8])



    

  


  


  


        

      


  

    
CPSolver.Examples.GraphColoring 
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CPSolver.Examples.Knapsack 
    



      
The 'knapsack' problem is mathematically formulated in
the following way. Given n items to choose from, each item i ∈ 0 ...n − 1 has a value v[i] and a
weight w[i]. The knapsack has a limited capacity K. Let x[i] be a variable that is 1 if you choose
to take item i and 0 if you leave item i behind. Then the knapsack problem is formalized as the
following optimization problem:
Maximize sum(x[i]v[i]), i = 0 ... n - 1
subject to sum(x[i]  w[i]) <= K
Input data:
First line: "n K"
Next lines: "value weight"
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        check_solution(solution, optimal, values, weights, capacity)
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        From Rosetta code:
http://rosettacode.org/wiki/Knapsack_problem/0-1
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From Rosetta code:
http://rosettacode.org/wiki/Knapsack_problem/0-1
A tourist wants to make a good trip at the weekend with his friends. They
will go to the mountains to see the wonders of nature, so he needs to
pack well for the trip. He has a good knapsack for carrying things, but
knows that he can carry a maximum of only 4kg in it and it will have
to last the whole day. He creates a list of what he wants to bring for the
trip but the total weight of all items is too much. He then decides to
add columns to his initial list detailing their weights and a numerical
value representing how important the item is for the trip.
Here is the list:
Table of potential knapsack items
item    weight (dag)    value
map     9   150
compass     13  35
water   153     200
sandwich    50  160
glucose     15  60
tin     68  45
banana  27  60
apple   39  40
cheese  23  30
beer    52  10
suntan cream    11  70
camera  32  30
T-shirt     24  15
trousers    48  10
umbrella    73  40
waterproof trousers     42  70
waterproof overclothes  43  75
note-case   22  80
sunglasses  7   20
towel   18  12
socks   4   50
book    30  10
knapsack    <=400 dag    ?
The tourist can choose to take any combination of items from the list, but
only one of each item is available. He may not cut or diminish the items,
so he can only take whole units of any item.
Which items does the tourist carry in his knapsack so that their total weight
does not exceed 400 dag [4 kg], and their total value is maximised?
[dag = decagram = 10 grams]
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CPSolver.Examples.QAP 
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        model(distances, weights)
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        The Quadratic Assignment problem.
Given
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The Quadratic Assignment problem.
Given:
	a set of n facilities;
	a set of n locations;
	for each pair of locations, a distance between them;
	for each pair of facilities, a weight of the edge (e.g., the amount of supplies transported) between them.

Assign all facilities to different locations, such that
the sum of products d(i,j ) * w(i, j)
  , where d(i,j) is a distance between locations i and j
and w(i, j) is a weight of edge (i, j)
  is minimized.
Wikipedia
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CPSolver.Examples.Queens 
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        inside_out_order(n)

      


    


    
      
        inside_out_to_normal(queens)

      


    


    
      
        model(n, symmetry_breaking_mode \\ nil)

      


    


    
      
        print_board(queens)

      


    


    
      
        solve(n, solver_opts \\ [])

      


    


    
      
        solve_and_print(nqueens, opts \\ [timeout: 1000])
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CPSolver.Examples.Reindeers 
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        model()

      


    


    
      
        order(solution)

      


    


    
      
        print(solution)

      


    


    
      
        solve(opts \\ [])

      


        Santa always leaves plans for his elves to determine the order in which the
reindeer will pull his sleigh. This year, for the European leg of his
journey, his elves are working to the following schedule, which will form a
single line of nine reindeer.
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Santa always leaves plans for his elves to determine the order in which the
reindeer will pull his sleigh. This year, for the European leg of his
journey, his elves are working to the following schedule, which will form a
single line of nine reindeer.
Here are the rules:
  Comet behind Rudolph, Prancer and Cupid
  Blitzen behind Cupid
  Blitzen in front of Donder, Vixen and Dancer
  Cupid in front of Comet, Blitzen and Vixen
  Donder behind Vixen, Dasher and Prancer
  Rudolph behind Prancer
  Rudolph in front of Donder, Dancer and Dasher
  Vixen in front of Dancer and Comet
  Dancer behind Donder, Rudolph and Blitzen
  Prancer in front of Cupid, Donder and Blitzen
  Dasher behind Prancer
  Dasher in front of Vixen, Dancer and Blitzen
  Donder behind Comet and Cupid
  Cupid in front of Rudolph and Dancer
  Vixen behind Rudolph, Prancer and Dasher.

  


        

      


  

    
CPSolver.Examples.SendMoreMoney 
    



      
The classic "cryptarithmetic" (https://en.wikipedia.org/wiki/Verbal_arithmetic) problem.
Solve the following (each letter is a separate digit):
SEND + MORE = MONEY
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CPSolver.Examples.StableMarriage 
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        check_solution(solution, instance)

      


          Pseudocode for checking stability
  (https://stackoverflow.com/questions/58439880/algorithm-to-verify-stable-matching)
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          Stable marriage problem.
  https://en.wikipedia.org/wiki/Stable_marriage_problem.
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  Pseudocode for checking stability
  (https://stackoverflow.com/questions/58439880/algorithm-to-verify-stable-matching)
for w in women:
    for m in [men w would prefer over current_partner(w)]:
        if m prefers w to current_partner(m) return false

return true
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  Stable marriage problem.
  https://en.wikipedia.org/wiki/Stable_marriage_problem.
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        The Traveling Salesman problem.
Given
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The Traveling Salesman problem.
Given:
	a set of n locations;
	for each pair of locations, a distance between them.

Find the shortest possible route that visits each location exactly once and returns to the origin location.
Wikipedia
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CPSolver.Examples.Utils 
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        wait_for_solutions(expected, timeout, solution_checker_fun)
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xkcd-np
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CPSolver.Examples.Zebra 
    



      
https://en.wikipedia.org/wiki/Zebra_Puzzle
There are five houses.
The Englishman lives in the red house.
The Spaniard owns the dog.
Coffee is drunk in the green house.
The Ukrainian drinks tea.
The green house is immediately to the right of the ivory house.
The Old Gold smoker owns snails.
Kools are smoked in the yellow house.
Milk is drunk in the middle house.
The Norwegian lives in the first house.
The man who smokes Chesterfields lives in the house next to the man with the fox.
Kools are smoked in the house next to the house where the horse is kept.
The Lucky Strike smoker drinks orange juice.
The Japanese smokes Parliaments.
The Norwegian lives next to the blue house.
Now, who drinks water? Who owns the zebra?
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        The model is a clone of MiniZinc model
(https://github.com/hakank/hakank/blob/39a2b9e868011df38bd7c90f530f8c5b3e0740cb/minizinc/zebra_inverse.mzn)
by Håkan Kjellerstrand
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        solve(opts \\ [])

      


    





      


      
        Functions

        


  
    
      
    
    
      model()



    

  


  

The model is a clone of MiniZinc model
(https://github.com/hakank/hakank/blob/39a2b9e868011df38bd7c90f530f8c5b3e0740cb/minizinc/zebra_inverse.mzn)
by Håkan Kjellerstrand
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        See CPSolver.Variable.contains?/2.
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        See CPSolver.Variable.domain/1.
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        See CPSolver.Variable.fix/2.
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        See CPSolver.Variable.fixed?/1.
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        See CPSolver.Variable.max/1.
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        See CPSolver.Variable.min/1.
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        Callback implementation for CPSolver.Variable.new/2.
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        See CPSolver.Variable.remove/2.
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        See CPSolver.Variable.removeAbove/2.
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        See CPSolver.Variable.removeBelow/2.
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        See CPSolver.Variable.size/1.
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See CPSolver.Variable.contains?/2.
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See CPSolver.Variable.domain/1.
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See CPSolver.Variable.fix/2.
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See CPSolver.Variable.fixed?/1.
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See CPSolver.Variable.max/1.
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See CPSolver.Variable.min/1.
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Callback implementation for CPSolver.Variable.new/2.
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See CPSolver.Variable.remove/2.
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See CPSolver.Variable.removeAbove/2.
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See CPSolver.Variable.removeBelow/2.
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See CPSolver.Variable.size/1.
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CPSolver.Model 
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          @type t() :: %CPSolver.Model{
  constraints: [CPSolver.Constraint.t()],
  extra: term(),
  id: reference(),
  name: term(),
  objective: CPSolver.Objective.t(),
  propagators: [CPSolver.Propagator.t()],
  variables: [CPSolver.IntVariable.t()]
}
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      minimize(variable)



    

  


  

      

          @spec minimize(Variable.t() | View.t()) :: %{
  propagator: Propagator.t(),
  variable: Variable.t() | View.t(),
  bound_handle: reference()
}


      



  



  
    
      
    
    
      reset_bound(objective)



    

  


  


  



  
    
      
    
    
      reset_bound_impl(ref)



    

  


  


  



  
    
      
    
    
      tighten(objective)



    

  


  


  



  
    
      
    
    
      tighten(variable, bound_handle)



    

  


  


  



  
    
      
    
    
      update_bound(handle, value)



    

  


  


  



  
    
      
    
    
      update_bound_impl(bound_handle, value)



    

  


  


  


        

      


  

    
CPSolver.Objective.Propagator 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        new(variable, bound_handle)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(variable, bound_handle)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator behaviour
    




      
        Summary


  
    Types
  


    
      
        propagator_event()

      


    





  
    Callbacks
  


    
      
        arguments(args)

      


    


    
      
        bind(t, source, variable_field)

      


    


    
      
        entailed?(t, state)

      


    


    
      
        failed?(t, state)

      


    


    
      
        filter(args, state, changes)

      


    


    
      
        reset(args, state)

      


    


    
      
        reset(args, state, opts)

      


    


    
      
        variables(args)

      


    





  
    Functions
  


    
      
        arg_at(args, pos)

      


    


    
      
        arg_map(propagator, mapper)

      


    


    
      
        args_to_list(args)

      


    


    
      
        bind(propagator, source, var_field \\ :domain)

      


    


    
      
        bind_to_variable(propagator_var, variable_source, var_field)

      


    


    
      
        bind_to_variables(args, variable_source, var_field)

      


    


    
      
        default_variables_impl(args)

      


    


    
      
        domain_values(p)

      


    


    
      
        dry_run(propagator, opts \\ [])

      


    


    
      
        entailed?(propagator)

      


    


    
      
        failed?(propagator)

      


    


    
      
        filter(propagator, opts \\ [])

      


    


    
      
        get_filter_changes()

      


    


    
      
        is_constant_arg(arg)

      


    


    
      
        merge_changes(changes1, changes2)

      


    


    
      
        new(mod, args, opts \\ [])

      


    


    
      
        propagator_events()

      


    


    
      
        reset(propagator, opts \\ [])

      


    


    
      
        reset_filter_changes()

      


    


    
      
        to_domain_events(arg1)

      


    


    
      
        update_state(propagator, state)

      


    


    
      
        variables(propagator)

      


    





      


      
        Types

        


  
    
      
    
    
      propagator_event()



    

  


  

      

          @type propagator_event() ::
  :domain_change | :bound_change | :min_change | :max_change | :fixed


      



  


        

      

      
        Callbacks

        


  
    
      
    
    
      arguments(args)



    

  


  

      

          @callback arguments(args :: list()) :: Arrays.t()


      



  



  
    
      
    
    
      bind(t, source, variable_field)



    

  


  

      

          @callback bind(Propagator.t(), source :: any(), variable_field :: atom()) ::
  Propagator.t()


      



  



  
    
      
    
    
      entailed?(t, state)



    

  


  

      

          @callback entailed?(Propagator.t(), state :: map() | nil) :: boolean()


      



  



  
    
      
    
    
      failed?(t, state)



    

  


  

      

          @callback failed?(Propagator.t(), state :: map() | nil) :: boolean()


      



  



  
    
      
    
    
      filter(args, state, changes)



    

  


  

      

          @callback filter(args :: list(), state :: map(), changes :: map()) ::
  {:state, map()} | :stable | :fail | propagator_event()


      



  



  
    
      
    
    
      reset(args, state)



    

  


  

      

          @callback reset(args :: list(), state :: map()) :: map() | nil


      



  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

      

          @callback reset(args :: list(), state :: map(), opts :: Keyword.t()) :: map() | nil


      



  



  
    
      
    
    
      variables(args)



    

  


  

      

          @callback variables(args :: list()) :: list()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      arg_at(args, pos)



    

  


  


  



  
    
      
    
    
      arg_map(propagator, mapper)



    

  


  


  



  
    
      
    
    
      args_to_list(args)



    

  


  


  



    

  
    
      
    
    
      bind(propagator, source, var_field \\ :domain)



    

  


  


  



  
    
      
    
    
      bind_to_variable(propagator_var, variable_source, var_field)



    

  


  


  



  
    
      
    
    
      bind_to_variables(args, variable_source, var_field)



    

  


  


  



  
    
      
    
    
      default_variables_impl(args)



    

  


  


  



  
    
      
    
    
      domain_values(p)



    

  


  


  



    

  
    
      
    
    
      dry_run(propagator, opts \\ [])



    

  


  


  



  
    
      
    
    
      entailed?(propagator)



    

  


  


  



  
    
      
    
    
      failed?(propagator)



    

  


  


  



    

  
    
      
    
    
      filter(propagator, opts \\ [])



    

  


  


  



  
    
      
    
    
      get_filter_changes()



    

  


  


  



  
    
      
    
    
      is_constant_arg(arg)



    

  


  


  



  
    
      
    
    
      merge_changes(changes1, changes2)



    

  


  


  



    

  
    
      
    
    
      new(mod, args, opts \\ [])



    

  


  


  



  
    
      
    
    
      propagator_events()



    

  


  


  



    

  
    
      
    
    
      reset(propagator, opts \\ [])



    

  


  


  



  
    
      
    
    
      reset_filter_changes()



    

  


  


  



  
    
      
    
    
      to_domain_events(arg1)



    

  


  


  



  
    
      
    
    
      update_state(propagator, state)



    

  


  


  



  
    
      
    
    
      variables(propagator)



    

  


  


  


        

      


  

    
CPSolver.Propagator.Absolute 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        filter_impl(x, y, changes)

      


    


    
      
        new(args)

      


    


    
      
        new(x, y)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      filter_impl(x, y, changes)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(x, y)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.AbsoluteNotEqual 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        filter_impl(x, c)

      


    


    
      
        new(args)

      


    


    
      
        new(x, y)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      filter_impl(x, c)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(x, y)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.AllDifferent.BC 
    



      
A fast and simple algorithm for bounds consistency of the alldifferent constraint
  (L´opez et al., 2003)

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    


    
      
        test()

      


    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  



  
    
      
    
    
      test()



    

  


  


  


        

      


  

    
CPSolver.Propagator.AllDifferent.DC 
    



      
The domain-consistent propagator for AllDifferent constraint,
based on bipartite maximum matching.

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        build_value_graph(var_list)

      


    


    
      
        build_value_graph_impl(variable_map)

      


    


    
      
        compute_maximum_matching(value_graph, variable_ids, partial_matching)

      


    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        final_state(sccs)

      


    


    
      
        initial_state(vars)

      


    


    
      
        new(args)

      


    


    
      
        reduction(vars, value_graph, variable_vertices, partial_matching, repair_matching? \\ true)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      build_value_graph(var_list)



    

  


  


  



  
    
      
    
    
      build_value_graph_impl(variable_map)



    

  


  


  



  
    
      
    
    
      compute_maximum_matching(value_graph, variable_ids, partial_matching)



    

  


  


  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      final_state(sccs)



    

  


  


  



  
    
      
    
    
      initial_state(vars)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



    

  
    
      
    
    
      reduction(vars, value_graph, variable_vertices, partial_matching, repair_matching? \\ true)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.AllDifferent.DC.Fast 
    



      
A Fast Algorithm for Generalized Arc Consistency of the Alldifferent Constraint
Xizhe Zhang, Qian Li and Weixiong Zhang
https://www.ijcai.org/proceedings/2018/0194.pdf

      


      
        Summary


  
    Functions
  


    
      
        apply_changes(state, changes)

      


    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        build_component_locator_impl(component_finder, component)

      


    


    
      
        entailed?(state)

      


    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        find_matching(value_graph, variable_vertices, fixed_matching \\ Map.new())

      


    


    
      
        get_component(state, var_index)

      


    


    
      
        initial_reduction(vars)

      


    


    
      
        initial_state(variables)

      


    


    
      
        new(args)

      


    


    
      
        reduce_state(state)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      apply_changes(state, changes)



    

  


  


  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      build_component_locator_impl(component_finder, component)



    

  


  


  



  
    
      
    
    
      entailed?(state)



    

  


  


  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



    

  
    
      
    
    
      find_matching(value_graph, variable_vertices, fixed_matching \\ Map.new())



    

  


  


  



  
    
      
    
    
      get_component(state, var_index)



    

  


  


  



  
    
      
    
    
      initial_reduction(vars)



    

  


  


  



  
    
      
    
    
      initial_state(variables)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      reduce_state(state)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.AllDifferent.FWC 
    



      
The forward-checking propagator for AllDifferent constraint.

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.AllDifferent.Zhang 
    




      
        Summary


  
    Functions
  


    
      
        process_left_partition_node(state, node)

      


    


    
      
        process_right_partition_node(state, node)

      


    


    
      
        process_sccs(graph, matching, remove_edge_fun)

      


    


    
      
        reduce(value_graph, free_nodes, matching, remove_edge_fun)

      


    


    
      
        remove_type1_edges(graph, free_nodes, matching, process_redundant_fun)

      


    


    
      
        remove_type2_edges(state, remove_edge_fun)

      


    


    
      
        scc_component_handler(component, remove_edge_fun, current_acc)

      


    





      


      
        Functions

        


  
    
      
    
    
      process_left_partition_node(state, node)



    

  


  


  



  
    
      
    
    
      process_right_partition_node(state, node)



    

  


  


  



  
    
      
    
    
      process_sccs(graph, matching, remove_edge_fun)



    

  


  


  



  
    
      
    
    
      reduce(value_graph, free_nodes, matching, remove_edge_fun)



    

  


  


  



  
    
      
    
    
      remove_type1_edges(graph, free_nodes, matching, process_redundant_fun)



    

  


  


  



  
    
      
    
    
      remove_type2_edges(state, remove_edge_fun)



    

  


  


  



  
    
      
    
    
      scc_component_handler(component, remove_edge_fun, current_acc)



    

  


  


  


        

      


  

    
CPSolver.Propagator.Circuit 
    



      
The propagator for 'circuit' constraint.

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.ConstraintGraph 
    



      
The constraint graph connects propagators and their variables.
The edge between a propagator and a variable represents a notification
the propagator receives upon variable's domain change.

      


      
        Summary


  
    Functions
  


    
      
        add_edge(graph, from, to, label)

      


    


    
      
        add_propagator(graph, propagator)

      


    


    
      
        add_variable(graph, variable)

      


    


    
      
        add_vertex(graph, vertex, label)

      


    


    
      
        copy(graph)

      


    


    
      
        create(propagators)

      


    


    
      
        disconnect_variable(graph, variable_id)

      


    


    
      
        edges(graph)

      


    


    
      
        edges(constraint_graph, vertex)

      


    


    
      
        entailed_propagator?(graph, propagator)

      


    


    
      
        get_propagator(graph, vertex)

      


    


    
      
        get_propagator_ids(constraint_graph, variable_id)

      


    


    
      
        get_propagator_ids(constraint_graph, variable_id, domain_change)

      


    


    
      
        get_propagators(constraint_graph)

      


    


    
      
        get_variable(graph, vertex)

      


    


    
      
        propagator_degree(graph, propagator_id)

      


    


    
      
        propagator_vertex(propagator_id)

      


    


    
      
        remove_propagator(graph, propagator_id)

      


    


    
      
        remove_variable(graph, variable_id)

      


    


    
      
        remove_vertex(graph, vertex)

      


    


    
      
        update(graph, vars)

      


    


    
      
        update_propagator(graph, propagator_id, propagator)

      


    


    
      
        update_variable(graph, variable)

      


    


    
      
        variable_degree(graph, variable_id)

      


    


    
      
        variable_vertex(variable_id)

      


    


    
      
        vertices(constraint_graph)

      


    





      


      
        Functions

        


  
    
      
    
    
      add_edge(graph, from, to, label)



    

  


  


  



  
    
      
    
    
      add_propagator(graph, propagator)



    

  


  


  



  
    
      
    
    
      add_variable(graph, variable)



    

  


  


  



  
    
      
    
    
      add_vertex(graph, vertex, label)



    

  


  


  



  
    
      
    
    
      copy(graph)



    

  


  


  



  
    
      
    
    
      create(propagators)



    

  


  

      

          @spec create([CPSolver.Propagator.t()]) :: Graph.t()


      



  



  
    
      
    
    
      disconnect_variable(graph, variable_id)



    

  


  


  



  
    
      
    
    
      edges(graph)



    

  


  


  



  
    
      
    
    
      edges(constraint_graph, vertex)



    

  


  


  



  
    
      
    
    
      entailed_propagator?(graph, propagator)



    

  


  


  



  
    
      
    
    
      get_propagator(graph, vertex)



    

  


  


  



  
    
      
    
    
      get_propagator_ids(constraint_graph, variable_id)



    

  


  


  



  
    
      
    
    
      get_propagator_ids(constraint_graph, variable_id, domain_change)



    

  


  


  



  
    
      
    
    
      get_propagators(constraint_graph)



    

  


  


  



  
    
      
    
    
      get_variable(graph, vertex)



    

  


  


  



  
    
      
    
    
      propagator_degree(graph, propagator_id)



    

  


  


  



  
    
      
    
    
      propagator_vertex(propagator_id)



    

  


  


  



  
    
      
    
    
      remove_propagator(graph, propagator_id)



    

  


  


  



  
    
      
    
    
      remove_variable(graph, variable_id)



    

  


  


  



  
    
      
    
    
      remove_vertex(graph, vertex)



    

  


  


  



  
    
      
    
    
      update(graph, vars)



    

  


  


  



  
    
      
    
    
      update_propagator(graph, propagator_id, propagator)



    

  


  


  



  
    
      
    
    
      update_variable(graph, variable)



    

  


  


  



  
    
      
    
    
      variable_degree(graph, variable_id)



    

  


  


  



  
    
      
    
    
      variable_vertex(variable_id)



    

  


  


  



  
    
      
    
    
      vertices(constraint_graph)



    

  


  


  


        

      


  

    
CPSolver.Propagator.Element2D 
    



      
The propagator for Element2D constraint.
array2d[row_index][col_index] = value

      


      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        build_state(array2d, row_index, col_index, value, num_rows, num_cols)

      


    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        filter_impl(args, state, changes)

      


    


    
      
        new(args)

      


    


    
      
        new(array2d, row_index, col_index, value)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      build_state(array2d, row_index, col_index, value, num_rows, num_cols)



    

  


  


  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      filter_impl(args, state, changes)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(array2d, row_index, col_index, value)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.ElementVar 
    



      
The propagator for Element constraint.
array[index] = value,
where array is an array of variables.

      


      
        Summary


  
    Functions
  


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        new(var_array, var_index, var_value)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(var_array, var_index, var_value)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Equal 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        filter_impl(x, y, offset \\ 0)

      


    


    
      
        new(args)

      


    


    
      
        new(x, y, offset \\ 0)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



    

  
    
      
    
    
      filter_impl(x, y, offset \\ 0)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



    

  
    
      
    
    
      new(x, y, offset \\ 0)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Less 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        filter(args, state, changes)

      


        Callback implementation for CPSolver.Propagator.filter/3.



    


    
      
        new(args)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    


    
      
        variables(args)

      


        Callback implementation for CPSolver.Propagator.variables/1.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      filter(args, state, changes)



    

  


  

Callback implementation for CPSolver.Propagator.filter/3.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  



  
    
      
    
    
      variables(args)



    

  


  

Callback implementation for CPSolver.Propagator.variables/1.

  


        

      


  

    
CPSolver.Propagator.LessOrEqual 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        new(args)

      


    


    
      
        new(x, y, offset \\ 0)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      new(args)



    

  


  


  



    

  
    
      
    
    
      new(x, y, offset \\ 0)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Modulo 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        filter_impl(args, arg2)

      


    


    
      
        mod_bounds(x, y)

      


    


    
      
        new(args)

      


    


    
      
        new(m, x, y)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      filter_impl(args, arg2)



    

  


  


  



  
    
      
    
    
      mod_bounds(x, y)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(m, x, y)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.NotEqual 
    




      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        filter_impl(x, y, offset \\ 0)

      


    


    
      
        new(args)

      


    


    
      
        new(x, y, offset \\ 0)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



    

  
    
      
    
    
      filter_impl(x, y, offset \\ 0)



    

  


  


  



  
    
      
    
    
      new(args)



    

  


  


  



    

  
    
      
    
    
      new(x, y, offset \\ 0)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Or 
    



      
The propagator for 'or' constraint.
Takes the list of boolean variables.
Constraints to have at least one variable to be resolved to true.

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Reified 
    



      
The propagator for reification constraints.
Full reification:
	If b is fixed to 1, the propagator for the reification reduces to a propagator for C.
	If b is fixed to 0, the propagator for the reification reduces to a propagator for opposite(C).
	If a propagator for C would realize that the C would be entailed, the propagator for the reification fixes b to 1 and ceases to exist.
	If a propagator for C would realize that the C would fail, the propagator for the reification fixes x b to 0 and ceases to exist.

 Half-reification:
Rules 2 and 3 of full reification.
Inverse implication:
Rules 1 and 4 of full reification.

      


      
        Summary


  
    Functions
  


    
      
        arguments(args)

      


        Callback implementation for CPSolver.Propagator.arguments/1.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        new(propagators, b_var, mode)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      arguments(args)



    

  


  

Callback implementation for CPSolver.Propagator.arguments/1.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(propagators, b_var, mode)



    

  


  


  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Sum 
    



      
The propagator for Sum constraint.
Sum(y, x) constrains y to be a sum of variables in the list x.

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        new(y, x)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(y, x)



    

  


  

      

          @spec new(Common.variable_or_view(), [Common.variable_or_view()]) ::
  CPSolver.Propagator.t()


      



  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Sum2 
    



      
The propagator for Sum constraint.
Sum(y, x) constrains y to be a sum of variables in the list x.

      


      
        Summary


  
    Functions
  


    
      
        bind(propagator, source, var_field)

      


        Callback implementation for CPSolver.Propagator.bind/3.



    


    
      
        entailed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.entailed?/2.



    


    
      
        failed?(args, propagator_state)

      


        Callback implementation for CPSolver.Propagator.failed?/2.



    


    
      
        new(args)

      


    


    
      
        new(y, x)

      


    


    
      
        reset(args, state)

      


        Callback implementation for CPSolver.Propagator.reset/2.



    


    
      
        reset(args, state, opts)

      


        Callback implementation for CPSolver.Propagator.reset/3.



    





      


      
        Functions

        


  
    
      
    
    
      bind(propagator, source, var_field)



    

  


  

Callback implementation for CPSolver.Propagator.bind/3.

  



  
    
      
    
    
      entailed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.entailed?/2.

  



  
    
      
    
    
      failed?(args, propagator_state)



    

  


  

Callback implementation for CPSolver.Propagator.failed?/2.

  



  
    
      
    
    
      new(args)



    

  


  


  



  
    
      
    
    
      new(y, x)



    

  


  

      

          @spec new(Common.variable_or_view(), [Common.variable_or_view()]) ::
  CPSolver.Propagator.t()


      



  



  
    
      
    
    
      reset(args, state)



    

  


  

Callback implementation for CPSolver.Propagator.reset/2.

  



  
    
      
    
    
      reset(args, state, opts)



    

  


  

Callback implementation for CPSolver.Propagator.reset/3.

  


        

      


  

    
CPSolver.Propagator.Variable 
    




      
        Summary


  
    Functions
  


    
      
        contains?(var, val)

      


        See CPSolver.Variable.Interface.ThrowIfFails.contains?/2.



    


    
      
        domain(var)

      


        See CPSolver.Variable.Interface.ThrowIfFails.domain/1.



    


    
      
        fix(var, val)

      


    


    
      
        fixed?(var)

      


        See CPSolver.Variable.Interface.ThrowIfFails.fixed?/1.



    


    
      
        get_variable_ops()

      


    


    
      
        id(var)

      


        See CPSolver.Variable.Interface.ThrowIfFails.id/1.



    


    
      
        max(var)

      


        See CPSolver.Variable.Interface.ThrowIfFails.max/1.



    


    
      
        min(var)

      


        See CPSolver.Variable.Interface.ThrowIfFails.min/1.



    


    
      
        plus(offset, offset)

      


    


    
      
        remove(var, val)

      


    


    
      
        removeAbove(var, val)

      


    


    
      
        removeBelow(var, val)

      


    


    
      
        reset_variable_ops()

      


    


    
      
        set_propagate_on(var, propagator_event)

      


    


    
      
        size(var)

      


        See CPSolver.Variable.Interface.ThrowIfFails.size/1.



    





      


      
        Functions

        


  
    
      
    
    
      contains?(var, val)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.contains?/2.

  



  
    
      
    
    
      domain(var)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.domain/1.

  



  
    
      
    
    
      fix(var, val)



    

  


  


  



  
    
      
    
    
      fixed?(var)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.fixed?/1.

  



  
    
      
    
    
      get_variable_ops()



    

  


  


  



  
    
      
    
    
      id(var)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.id/1.

  



  
    
      
    
    
      max(var)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.max/1.

  



  
    
      
    
    
      min(var)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.min/1.

  



  
    
      
    
    
      plus(offset, offset)



    

  


  


  



  
    
      
    
    
      remove(var, val)



    

  


  


  



  
    
      
    
    
      removeAbove(var, val)



    

  


  


  



  
    
      
    
    
      removeBelow(var, val)



    

  


  


  



  
    
      
    
    
      reset_variable_ops()



    

  


  


  



  
    
      
    
    
      set_propagate_on(var, propagator_event)



    

  


  


  



  
    
      
    
    
      size(var)



    

  


  

See CPSolver.Variable.Interface.ThrowIfFails.size/1.

  


        

      


  

    
CPSolver.Search 
    




      
        Summary


  
    Functions
  


    
      
        branch(variables, arg, data \\ %{})

      


    


    
      
        branch(variables, variable_choice, partition_strategy, data)

      


    


    
      
        default_strategy()

      


    


    
      
        initialize(search, space_data)

      


    





      


      
        Functions

        


    

  
    
      
    
    
      branch(variables, arg, data \\ %{})



    

  


  


  



  
    
      
    
    
      branch(variables, variable_choice, partition_strategy, data)



    

  


  


  



  
    
      
    
    
      default_strategy()



    

  


  


  



  
    
      
    
    
      initialize(search, space_data)



    

  


  


  


        

      


  

    
CPSolver.Search.Partition 
    




      
        Summary


  
    Functions
  


    
      
        initialize(partition, space_data)

      


    


    
      
        partition(variable, value_choice)

      


    





      


      
        Functions

        


  
    
      
    
    
      initialize(partition, space_data)



    

  


  


  



  
    
      
    
    
      partition(variable, value_choice)



    

  


  


  


        

      


  

    
CPSolver.Search.ValueSelector behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        initialize(map)

      


    


    
      
        partition(integer)

      


    


    
      
        select_value(t)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      initialize(map)



    

  


  

      

          @callback initialize(map()) :: :ok


      



  



  
    
      
    
    
      partition(integer)



    

  


  

      

          @callback partition(integer()) :: [function()]


      



  



  
    
      
    
    
      select_value(t)



    

  


  

      

          @callback select_value(Variable.t()) :: integer()


      



  


        

      


  

    
CPSolver.Search.ValueSelector.Max 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data)

      


        Callback implementation for CPSolver.Search.ValueSelector.initialize/1.



    


    
      
        partition(value)

      


        Callback implementation for CPSolver.Search.ValueSelector.partition/1.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.initialize/1.

  



  
    
      
    
    
      partition(value)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.partition/1.

  


        

      


  

    
CPSolver.Search.ValueSelector.Min 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data)

      


        Callback implementation for CPSolver.Search.ValueSelector.initialize/1.



    


    
      
        partition(value)

      


        Callback implementation for CPSolver.Search.ValueSelector.partition/1.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.initialize/1.

  



  
    
      
    
    
      partition(value)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.partition/1.

  


        

      


  

    
CPSolver.Search.ValueSelector.Random 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data)

      


        Callback implementation for CPSolver.Search.ValueSelector.initialize/1.



    


    
      
        partition(value)

      


        Callback implementation for CPSolver.Search.ValueSelector.partition/1.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.initialize/1.

  



  
    
      
    
    
      partition(value)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.partition/1.

  


        

      


  

    
CPSolver.Search.ValueSelector.Split 
    



      
Bisect the domain.

      


      
        Summary


  
    Functions
  


    
      
        initialize(data)

      


        Callback implementation for CPSolver.Search.ValueSelector.initialize/1.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data)



    

  


  

Callback implementation for CPSolver.Search.ValueSelector.initialize/1.

  


        

      


  

    
CPSolver.Search.VariableSelector behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        initialize(map, any)

      


    


    
      
        select(list, map, any)

      


    


    
      
        update(map, t)

      


    





  
    Functions
  


    
      
        action(arg, break_even_fun \\ FirstFail)

      


    


    
      
        afc(arg, break_even_fun \\ FirstFail)

      


    


    
      
        all_vars_fixed_exception()

      


    


    
      
        chb(chb_mode, break_even_fun \\ FirstFail)

      


    


    
      
        dom_deg(break_even_fun \\ &Enum.random/1)

      


    


    
      
        failed_variables_in_search_exception()

      


    


    
      
        first_fail(break_even_fun \\ &Enum.random/1)

      


    


    
      
        initialize(selector, space_data)

      


    


    
      
        max_regret(break_even_fun \\ &Enum.random/1)

      


    


    
      
        mixed(strategies)

      


    


    
      
        most_completed(break_even_fun \\ &Enum.random/1)

      


    


    
      
        most_constrained(break_even_fun \\ &Enum.random/1)

      


    


    
      
        select_variable(variables, data, variable_choice)

      


    


    
      
        strategy(chb_mode)

      


    


    
      
        variable_choice(strategy_fun, break_even_fun \\ &Enum.random/1)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      initialize(map, any)



    

  


  

      

          @callback initialize(map(), any()) :: :ok


      



  



  
    
      
    
    
      select(list, map, any)



    

  


  

      

          @callback select([Variable.t()], map(), any()) :: Variable.t() | nil


      



  



  
    
      
    
    
      update(map, t)



    

  


  

      

          @callback update(map(), Keyword.t()) :: :ok


      



  


        

      

      
        Functions

        


    

  
    
      
    
    
      action(arg, break_even_fun \\ FirstFail)



    

  


  


  



    

  
    
      
    
    
      afc(arg, break_even_fun \\ FirstFail)



    

  


  


  



  
    
      
    
    
      all_vars_fixed_exception()



    

  


  


  



    

  
    
      
    
    
      chb(chb_mode, break_even_fun \\ FirstFail)



    

  


  


  



    

  
    
      
    
    
      dom_deg(break_even_fun \\ &Enum.random/1)



    

  


  


  



  
    
      
    
    
      failed_variables_in_search_exception()



    

  


  


  



    

  
    
      
    
    
      first_fail(break_even_fun \\ &Enum.random/1)



    

  


  


  



  
    
      
    
    
      initialize(selector, space_data)



    

  


  


  



    

  
    
      
    
    
      max_regret(break_even_fun \\ &Enum.random/1)



    

  


  


  



  
    
      
    
    
      mixed(strategies)



    

  


  


  



    

  
    
      
    
    
      most_completed(break_even_fun \\ &Enum.random/1)



    

  


  


  



    

  
    
      
    
    
      most_constrained(break_even_fun \\ &Enum.random/1)



    

  


  


  



  
    
      
    
    
      select_variable(variables, data, variable_choice)



    

  


  


  



  
    
      
    
    
      strategy(chb_mode)



    

  


  


  



    

  
    
      
    
    
      variable_choice(strategy_fun, break_even_fun \\ &Enum.random/1)



    

  


  


  


        

      


  

    
CPSolver.Search.VariableSelector.AFC 
    



      
Accumulated failure count variable selector
(https://www.gecode.org/doc-latest/MPG.pdf, p.8.5.2)

      


      
        Summary


  
    Functions
  


    
      
        get_afc_record(table, propagator_id)

      


    


    
      
        get_afc_table(shared)

      


    


    
      
        get_decay(shared)

      


    


    
      
        initialize(space_data, opts)

      


        Initialize AFC



    


    
      
        propagator_afc(propagator_id, shared)

      


    


    
      
        propagator_afc(afc_record, decay, global_failure_count, failure? \\ false)

      


        Compute AFC based on last AFC value, decay and current global failure count.
This is (to be) used



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    


    
      
        update_afc(propagator_id, shared, failure?, global_failure_count \\ nil)

      


    


    
      
        variable_afc(variable_id, shared)

      


        Compute AFC of variable based on the initial constraint graph.



    


    
      
        variable_afcs(variables, shared)

      


        Compute AFCs of variables in one pass



    





      


      
        Functions

        


  
    
      
    
    
      get_afc_record(table, propagator_id)



    

  


  


  



  
    
      
    
    
      get_afc_table(shared)



    

  


  


  



  
    
      
    
    
      get_decay(shared)



    

  


  


  



  
    
      
    
    
      initialize(space_data, opts)



    

  


  

Initialize AFC

  



  
    
      
    
    
      propagator_afc(propagator_id, shared)



    

  


  


  



    

  
    
      
    
    
      propagator_afc(afc_record, decay, global_failure_count, failure? \\ false)



    

  


  

Compute AFC based on last AFC value, decay and current global failure count.
This is (to be) used:
	for computing variable AFC;
	for updating AFC of a failed propagator;
	for updating AFCs of all propagators in case decay value has been dynamically changed.


  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  



    

  
    
      
    
    
      update_afc(propagator_id, shared, failure?, global_failure_count \\ nil)



    

  


  


  



  
    
      
    
    
      variable_afc(variable_id, shared)



    

  


  

Compute AFC of variable based on the initial constraint graph.

  



  
    
      
    
    
      variable_afcs(variables, shared)



    

  


  

Compute AFCs of variables in one pass

  


        

      


  

    
CPSolver.Search.VariableSelector.Action 
    



      
Action (activity-based) variable selector
(https://www.gecode.org/doc-latest/MPG.pdf, p.8.5.3)

      


      
        Summary


  
    Functions
  


    
      
        initialize(space_data, opts)

      


        Initialize Action data



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    


    
      
        update_actions(variables, shared)

      


    


    
      
        variable_actions(variables, shared)

      


        Compute actions of variables in one pass



    





      


      
        Functions

        


  
    
      
    
    
      initialize(space_data, opts)



    

  


  

Initialize Action data

  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  



  
    
      
    
    
      update_actions(variables, shared)



    

  


  


  



  
    
      
    
    
      variable_actions(variables, shared)



    

  


  

Compute actions of variables in one pass

  


        

      


  

    
CPSolver.Search.VariableSelector.CHB 
    



      
Conflict-history based  variable selector
(https://www.gecode.org/doc-latest/MPG.pdf, p.8.5.4)

      


      
        Summary


  
    Functions
  


    
      
        default_q_score()

      


    


    
      
        initialize(space_data, opts)

      


        Initialize CHB data



    


    
      
        step_size(failure_count)

      


    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    


    
      
        update_chbs(variables, failure?, shared)

      


    


    
      
        variable_chbs(variables, shared)

      


        Compute chbs of variables in one pass



    





      


      
        Functions

        


  
    
      
    
    
      default_q_score()



    

  


  


  



  
    
      
    
    
      initialize(space_data, opts)



    

  


  

Initialize CHB data

  



  
    
      
    
    
      step_size(failure_count)



    

  


  


  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  



  
    
      
    
    
      update_chbs(variables, failure?, shared)



    

  


  


  



  
    
      
    
    
      variable_chbs(variables, shared)



    

  


  

Compute chbs of variables in one pass

  


        

      


  

    
CPSolver.Search.VariableSelector.DomDeg 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.initialize/2.



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.initialize/2.

  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  


        

      


  

    
CPSolver.Search.VariableSelector.FirstFail 
    




      
        Summary


  
    Functions
  


    
      
        get_minimals(variables)

      


    


    
      
        initialize(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.initialize/2.



    


    
      
        select(variables, data \\ %{}, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.select/3.



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    





      


      
        Functions

        


  
    
      
    
    
      get_minimals(variables)



    

  


  


  



  
    
      
    
    
      initialize(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.initialize/2.

  



    

  
    
      
    
    
      select(variables, data \\ %{}, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.select/3.

  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  


        

      


  

    
CPSolver.Search.VariableSelector.InputOrder 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.initialize/2.



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.initialize/2.

  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  


        

      


  

    
CPSolver.Search.VariableSelector.MaxRegret 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.initialize/2.



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.initialize/2.

  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  


        

      


  

    
CPSolver.Search.VariableSelector.MostCompleted 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.initialize/2.



    


    
      
        most_completed_propagators_selection(constraint_graph)

      


    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.initialize/2.

  



  
    
      
    
    
      most_completed_propagators_selection(constraint_graph)



    

  


  


  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  


        

      


  

    
CPSolver.Search.VariableSelector.MostConstrained 
    




      
        Summary


  
    Functions
  


    
      
        initialize(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.initialize/2.



    


    
      
        update(data, opts)

      


        Callback implementation for CPSolver.Search.VariableSelector.update/2.



    





      


      
        Functions

        


  
    
      
    
    
      initialize(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.initialize/2.

  



  
    
      
    
    
      update(data, opts)



    

  


  

Callback implementation for CPSolver.Search.VariableSelector.update/2.

  


        

      


  

    
CPSolver.Shared 
    




      
        Summary


  
    Functions
  


    
      
        active_nodes(solver)

      


    


    
      
        add_active_spaces(solver, spaces)

      


    


    
      
        add_active_spaces_impl(solver_state, spaces)

      


    


    
      
        add_failure(solver, failure)

      


    


    
      
        add_failure_impl(solver, failure)

      


    


    
      
        add_handler(solver, handler_id, handler_fun)

      


    


    
      
        add_handler_impl(solver, atom, handler)

      


    


    
      
        add_solution(solver, solution)

      


    


    
      
        add_solution_impl(solver, solution)

      


    


    
      
        checkin_space_thread(solver)

      


    


    
      
        checkin_space_thread_impl(solver, node \\ Node.self())

      


    


    
      
        checkout_space_thread(solver, node \\ Node.self())

      


    


    
      
        checkout_space_thread_impl(solver, node)

      


    


    
      
        cleanup(solver)

      


    


    
      
        cleanup_impl(solver)

      


    


    
      
        complete?(solver)

      


    


    
      
        complete_impl(solver)

      


    


    
      
        create_shared_ets_table(solver)

      


    


    
      
        elapsed_time(solver)

      


    


    
      
        finalize_space(solver, space_data, space_pid, reason)

      


    


    
      
        finalize_space_impl(solver, space_data, space_pid, reason)

      


    


    
      
        get_auxillary(shared, key)

      


    


    
      
        get_failure_count(solver)

      


    


    
      
        get_times(solver)

      


    


    
      
        get_times_impl(solver)

      


    


    
      
        increment_node_counts(solver)

      


    


    
      
        increment_node_counts_impl(solver)

      


    


    
      
        init_shared_data(opts)

      


    


    
      
        init_times()

      


    


    
      
        objective_value(solver)

      


    


    
      
        objective_value_impl(solver)

      


    


    
      
        on_new_node(solver, active_node_count, total_node_count)

      


    


    
      
        on_primary_node?(solver)

      


    


    
      
        put_auxillary(shared, key, value)

      


    


    
      
        set_complete(solver)

      


    


    
      
        set_end_time(solver)

      


    


    
      
        set_end_time_impl(solver)

      


    


    
      
        solutions(solver)

      


    


    
      
        statistics(solver)

      


    


    
      
        statistics_impl(solver)

      


    


    
      
        stop_spaces(solver)

      


    





      


      
        Functions

        


  
    
      
    
    
      active_nodes(solver)



    

  


  


  



  
    
      
    
    
      add_active_spaces(solver, spaces)



    

  


  


  



  
    
      
    
    
      add_active_spaces_impl(solver_state, spaces)



    

  


  


  



  
    
      
    
    
      add_failure(solver, failure)



    

  


  


  



  
    
      
    
    
      add_failure_impl(solver, failure)



    

  


  


  



  
    
      
    
    
      add_handler(solver, handler_id, handler_fun)



    

  


  


  



  
    
      
    
    
      add_handler_impl(solver, atom, handler)



    

  


  


  



  
    
      
    
    
      add_solution(solver, solution)



    

  


  


  



  
    
      
    
    
      add_solution_impl(solver, solution)



    

  


  


  



  
    
      
    
    
      checkin_space_thread(solver)



    

  


  


  



    

  
    
      
    
    
      checkin_space_thread_impl(solver, node \\ Node.self())



    

  


  


  



    

  
    
      
    
    
      checkout_space_thread(solver, node \\ Node.self())



    

  


  


  



  
    
      
    
    
      checkout_space_thread_impl(solver, node)



    

  


  


  



  
    
      
    
    
      cleanup(solver)



    

  


  


  



  
    
      
    
    
      cleanup_impl(solver)



    

  


  


  



  
    
      
    
    
      complete?(solver)



    

  


  


  



  
    
      
    
    
      complete_impl(solver)



    

  


  


  



  
    
      
    
    
      create_shared_ets_table(solver)



    

  


  


  



  
    
      
    
    
      elapsed_time(solver)



    

  


  


  



  
    
      
    
    
      finalize_space(solver, space_data, space_pid, reason)



    

  


  


  



  
    
      
    
    
      finalize_space_impl(solver, space_data, space_pid, reason)



    

  


  


  



  
    
      
    
    
      get_auxillary(shared, key)



    

  


  


  



  
    
      
    
    
      get_failure_count(solver)



    

  


  


  



  
    
      
    
    
      get_times(solver)



    

  


  


  



  
    
      
    
    
      get_times_impl(solver)



    

  


  


  



  
    
      
    
    
      increment_node_counts(solver)



    

  


  


  



  
    
      
    
    
      increment_node_counts_impl(solver)



    

  


  


  



  
    
      
    
    
      init_shared_data(opts)



    

  


  


  



  
    
      
    
    
      init_times()



    

  


  


  



  
    
      
    
    
      objective_value(solver)



    

  


  


  



  
    
      
    
    
      objective_value_impl(solver)



    

  


  


  



  
    
      
    
    
      on_new_node(solver, active_node_count, total_node_count)



    

  


  


  



  
    
      
    
    
      on_primary_node?(solver)



    

  


  


  



  
    
      
    
    
      put_auxillary(shared, key, value)



    

  


  


  



  
    
      
    
    
      set_complete(solver)



    

  


  


  



  
    
      
    
    
      set_end_time(solver)



    

  


  


  



  
    
      
    
    
      set_end_time_impl(solver)



    

  


  


  



  
    
      
    
    
      solutions(solver)



    

  


  


  



  
    
      
    
    
      statistics(solver)



    

  


  


  



  
    
      
    
    
      statistics_impl(solver)



    

  


  


  



  
    
      
    
    
      stop_spaces(solver)



    

  


  


  


        

      


  

    
CPSolver.Solution behaviour
    




      
        Summary


  
    Callbacks
  


    
      
        handle(solution)

      


    





  
    Functions
  


    
      
        default_handler()

      


    


    
      
        run_handler(solution, handler)

      


    


    
      
        solution_handler(handler, variables)

      


    





      


      
        Callbacks

        


  
    
      
    
    
      handle(solution)



    

  


  

      

          @callback handle(solution :: %{required(reference()) => number() | boolean()}) :: any()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      default_handler()



    

  


  


  



  
    
      
    
    
      run_handler(solution, handler)



    

  


  


  



  
    
      
    
    
      solution_handler(handler, variables)



    

  


  


  


        

      


  

    
CPSolver.Solution.DefaultHandler 
    






  

    
CPSolver.Space 
    



      
Computation space.
The concept is taken from Chapter 12, "Concepts, Techniques, and Models
of Computer Programming" by Peter Van Roy and Seif Haridi.
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        checkpoint(propagators, constraint_graph)

      


    


    
      
        create(data)

      


    


    
      
        create(variables, propagators, space_opts \\ default_space_opts())

      


    


    
      
        default_space_opts()
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        get_shared(data)

      


    


    
      
        put_shared(data, key, value)

      


    


    
      
        run_space(data)

      


    


    
      
        run_space(data, checked_out?)

      


    


    
      
        run_space(worker_node, solver, data, checked_out?)

      


    


    
      
        start_propagation(space_pid)
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      checkpoint(propagators, constraint_graph)



    

  


  


  



  
    
      
    
    
      create(data)



    

  


  


  



    

  
    
      
    
    
      create(variables, propagators, space_opts \\ default_space_opts())



    

  


  


  



  
    
      
    
    
      default_space_opts()



    

  


  


  



  
    
      
    
    
      distribute(data)



    

  


  


  



  
    
      
    
    
      get_shared(data)



    

  


  


  



  
    
      
    
    
      put_shared(data, key, value)



    

  


  


  



  
    
      
    
    
      run_space(data)



    

  


  


  



  
    
      
    
    
      run_space(data, checked_out?)



    

  


  


  



  
    
      
    
    
      run_space(worker_node, solver, data, checked_out?)



    

  


  


  



  
    
      
    
    
      start_propagation(space_pid)



    

  


  


  


        

      


  

    
CPSolver.Space.Propagation 
    




      
        Summary


  
    Functions
  


    
      
        propagate(propagators, graph)

      


    


    
      
        propagate(propagators, graph, opts)

      


    


    
      
        propagate(propagators, graph, domain_changes, opts)

      


        A single pass of propagation.
Produces the list (up to implementation) of propagators scheduled for the next pass.
Side effect: modifies the constraint graph.
The graph will be modified on every individual Propagator.filter/1, if the latter results in any domain changes.



    


    
      
        run(constraint_graph, changes \\ %{})
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      propagate(propagators, graph)



    

  


  


  



  
    
      
    
    
      propagate(propagators, graph, opts)



    

  


  


  



  
    
      
    
    
      propagate(propagators, graph, domain_changes, opts)



    

  


  

      

          @spec propagate(map(), Graph.t(), map(), Keyword.t()) ::
  {:fail, reference()} | {map(), Graph.t(), map()}


      


A single pass of propagation.
Produces the list (up to implementation) of propagators scheduled for the next pass.
Side effect: modifies the constraint graph.
The graph will be modified on every individual Propagator.filter/1, if the latter results in any domain changes.

  



    

  
    
      
    
    
      run(constraint_graph, changes \\ %{})



    

  


  


  


        

      


  

    
CPSolver.Utils 
    




      
        Summary
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        array2d_min_max(arr)

      


    


    
      
        cartesian(list)

      


    


    
      
        cartesian(values, handler \\ nil)

      


    


    
      
        domain_values(variable_or_view, access \\ :interface)

      


    


    
      
        lazy_cartesian(lists, callback \\ &Function.identity/1)

      


    


    
      
        lazy_cartesian(lists, callback, values)

      


    


    
      
        maximals(enumerable, max_by_fun)
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      cartesian(list)



    

  


  


  



  
    
      
    
    
      cartesian(values, handler \\ nil)
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      lazy_cartesian(lists, callback, values)
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      minimals(enumerable, min_by_fun)



    

  


  


  



  
    
      
    
    
      on_primary_node?(arg)



    

  


  


  


        

      


  

    
CPSolver.Utils.BitGraph 
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        add_edge(bg, v1, v2)

      


    


    
      
        add_edge(bg, v1, v2, label)

      


    


    
      
        add_vertex(bg, v)

      


    


    
      
        add_vertex(bg, v, label)

      


    


    
      
        copy(graph)

      


    


    
      
        delete_edge(bg, v1, v2)

      


    


    
      
        delete_edges(bg, edges)
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        delete_vertices(bg, vertices)

      


    


    
      
        edge(bg, v1, v2)
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        edges(bg, v)

      


    


    
      
        in_degree(bg, v)
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        new(opts \\ [])
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        vertex(bg, v)
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      add_vertex(bg, v, label)



    

  


  


  



  
    
      
    
    
      copy(graph)
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      vertex(bg, v)



    

  


  


  



  
    
      
    
    
      vertices(bg)



    

  


  


  


        

      


  

    
CPSolver.Utils.Digraph 
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        add_edge(dg, v1, v2)

      


    


    
      
        add_edge(dg, v1, v2, label)

      


    


    
      
        add_edge(dg, e, v1, v2, label)

      


    


    
      
        add_vertex(dg, v)

      


    


    
      
        add_vertex(dg, v, label)

      


    


    
      
        copy(graph)
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        delete_edge(dg, e)

      


    


    
      
        delete_edges(dg, edges)
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        delete_vertices(dg, vertices)

      


    


    
      
        edge(dg, e)

      


    


    
      
        edges(dg)

      


    


    
      
        edges(dg, v)

      


    


    
      
        from_libgraph(graph)
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        get_short_cycle(dg, v)
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      vertex(dg, v)
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CPSolver.Utils.MaximumMatching 
    



      
Algorithms for finding maximum matching on graphs.
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        build_flow_network(variables)

      


    





      


      
        Functions

        


  
    
      
    
    
      build_flow_network(variables)



    

  


  

      

          @spec build_flow_network([CPSolver.Common.variable_or_view()]) :: Graph.t()


      



  


        

      


  

    
CPSolver.Utils.MutableArray 
    




      
        Summary


  
    Functions
  


    
      
        array_add(ref, zb_index, value)

      


    


    
      
        array_get(ref, zb_index)

      


    


    
      
        array_size(ref)

      


    


    
      
        array_update(ref, zb_index, value)

      


    


    
      
        new(arity)

      


    


    
      
        swap(array, index1, index2)

      


    


    
      
        to_array(ref, fun \\ fn _i, val -> val end)
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      array_add(ref, zb_index, value)
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      swap(array, index1, index2)



    

  


  


  



    

  
    
      
    
    
      to_array(ref, fun \\ fn _i, val -> val end)



    

  


  


  


        

      


  

    
CPSolver.Utils.MutableOrder 
    



      
'mutable order' structure.
Currently being used by AllDifferent.BC
The motivation:
every time the filtering happens, it needs to update some already sorted lists of lower and/or upper bounds.
Doing sorting from scratch is expensive, so the goal is to update and keep the array sorted
based only on the incoming changes.
values is a list of (unsorted) values - this would be a list of variables' lower or upper bounds
sorted_index is a list, s.t. sorted_index[i] holds the position of values[i] in the sorted list. The upshot is thatvaluesandsorted_indexrepresent a sorted list ofvalues.
updated_index - the index of the changed value in values
updated_value - the new value for values[updated_index]
For instance:
values = [2, 8, 3, 5, 2]
The sorted index would be:
sorted_index = [0, 4, 2, 3, 1]
updated_index = 1, updated_value = 2
means that values[1] (that had value 8) had been updated to 2
Note: value and sorted_index are represented by :atomics
in order to facilitate fast access and updates in place
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        get(order_rec, index)

      


        Get value by index in sorted array



    


    
      
        new(values)

      


        Creates an order structure from (unsorted) array



    


    
      
        to_sorted(order_rec, order \\ :asc)

      


    


    
      
        to_sorted(values, sort_index, order)
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        update(values, positions, sort_index, change)

      


    


    
      
        valid?(order_rec, order \\ :asc)
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Get value by index in sorted array
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Creates an order structure from (unsorted) array
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CPSolver.Utils.TupleArray 
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        at(tuple_array, idx)
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      map(tuple_array, mapper)



    

  


  


  



  
    
      
    
    
      new(values)



    

  


  


  



  
    
      
    
    
      reduce(tuple_array, initial_value, reducer)



    

  


  


  


        

      


  

    
CPSolver.ValueGraph 
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        build(variables, opts \\ [])

      


    


    
      
        default_neighbor_finder(variables)

      


    


    
      
        delete_edge(graph, value_vertex, var_vertex, variables)

      


    


    
      
        forward_checking(graph, fixed_vertices, variables)

      


    


    
      
        matching_neighbor_finder(graph, variables, matching)
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      matching_neighbor_finder(graph, variables, matching)



    

  


  


  


        

      


  

    
CPSolver.Variable behaviour
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        t()
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        new(values, opts)
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        contains?(variable, value)
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        removeBelow(variable, value)

      


    


    
      
        size(variable)
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      t()



    

  


  

      

          @type t() :: %CPSolver.Variable{
  domain: Domain.t(),
  id: reference(),
  index: integer(),
  initial_size: integer(),
  name: term(),
  propagate_on: Propagator.propagator_event(),
  store: term()
}


      



  


        

      

      
        Callbacks

        


  
    
      
    
    
      new(values, opts)



    

  


  

      

          @callback new(values :: Enum.t(), opts :: Keyword.t()) :: t()


      



  


        

      

      
        Functions

        


  
    
      
    
    
      contains?(variable, value)



    

  


  


  



  
    
      
    
    
      domain(variable)
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CPSolver.Variable.Interface protocol
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    Types
  


    
      
        t()

      


        All the types that implement this protocol.
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        variable(arg)
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      t()



    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.
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      contains?(variable, value)



    

  


  

      

          @spec contains?(CPSolver.Variable.t() | CPSolver.Variable.View.t(), integer()) ::
  boolean()


      



  



  
    
      
    
    
      domain(variable)



    

  


  

      

          @spec domain(CPSolver.Variable.t() | CPSolver.Variable.View.t()) :: any()


      



  



  
    
      
    
    
      fix(variable, value)



    

  


  

      

          @spec fix(CPSolver.Variable.t() | CPSolver.Variable.View.t(), integer()) ::
  :fixed | :fail
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          @spec fixed?(CPSolver.Variable.t() | CPSolver.Variable.View.t()) :: boolean()
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          @spec id(CPSolver.Variable.t() | CPSolver.Variable.View.t()) :: reference()


      



  



  
    
      
    
    
      map(variable, value)



    

  


  

      

          @spec map(CPSolver.Variable.t() | CPSolver.Variable.View.t(), integer()) :: integer()


      



  



  
    
      
    
    
      max(variable)



    

  


  

      

          @spec max(CPSolver.Variable.t() | CPSolver.Variable.View.t()) :: integer()


      



  



  
    
      
    
    
      min(variable)



    

  


  

      

          @spec min(CPSolver.Variable.t() | CPSolver.Variable.View.t()) :: integer()


      



  



  
    
      
    
    
      remove(variable, value)



    

  


  

      

          @spec remove(CPSolver.Variable.t() | CPSolver.Variable.View.t(), integer()) ::
  CPSolver.Common.domain_change() | :no_change
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          @spec removeAbove(CPSolver.Variable.t() | CPSolver.Variable.View.t(), integer()) ::
  CPSolver.Common.domain_change() | :no_change


      



  



  
    
      
    
    
      removeBelow(variable, value)



    

  


  

      

          @spec removeBelow(CPSolver.Variable.t() | CPSolver.Variable.View.t(), integer()) ::
  CPSolver.Common.domain_change() | :no_change


      



  



  
    
      
    
    
      size(variable)



    

  


  

      

          @spec size(CPSolver.Variable.t() | CPSolver.Variable.View.t()) :: non_neg_integer()


      



  



  
    
      
    
    
      update(variable, field, value)



    

  


  

      

          @spec update(CPSolver.Variable.t() | CPSolver.Variable.View.t(), atom(), any()) ::
  CPSolver.Variable.t() | CPSolver.Variable.View.t()


      



  



  
    
      
    
    
      variable(arg)



    

  


  

      

          @spec variable(CPSolver.Variable.t() | CPSolver.Variable.View.t() | any()) ::
  CPSolver.Variable.t() | nil


      



  


        

      


  

    
CPSolver.Variable.Interface.ThrowIfFails 
    




      
        Summary


  
    Functions
  


    
      
        contains?(var, val)

      


        Callback implementation for CPSolver.Variable.Interface.contains?/2.



    


    
      
        domain(var)

      


        Callback implementation for CPSolver.Variable.Interface.domain/1.



    


    
      
        fix(var, val)

      


        Callback implementation for CPSolver.Variable.Interface.fix/2.



    


    
      
        fixed?(var)

      


        Callback implementation for CPSolver.Variable.Interface.fixed?/1.



    


    
      
        id(var)

      


        Callback implementation for CPSolver.Variable.Interface.id/1.



    


    
      
        map(var, value)

      


        Callback implementation for CPSolver.Variable.Interface.map/2.



    


    
      
        max(var)

      


        Callback implementation for CPSolver.Variable.Interface.max/1.



    


    
      
        min(var)

      


        Callback implementation for CPSolver.Variable.Interface.min/1.



    


    
      
        remove(var, val)

      


        Callback implementation for CPSolver.Variable.Interface.remove/2.



    


    
      
        removeAbove(var, val)

      


        Callback implementation for CPSolver.Variable.Interface.removeAbove/2.



    


    
      
        removeBelow(var, val)

      


        Callback implementation for CPSolver.Variable.Interface.removeBelow/2.



    


    
      
        size(var)

      


        Callback implementation for CPSolver.Variable.Interface.size/1.



    


    
      
        update(var, field, value)

      


        Callback implementation for CPSolver.Variable.Interface.update/3.



    


    
      
        variable(var)

      


        Callback implementation for CPSolver.Variable.Interface.variable/1.



    





      


      
        Functions

        


  
    
      
    
    
      contains?(var, val)



    

  


  

Callback implementation for CPSolver.Variable.Interface.contains?/2.

  



  
    
      
    
    
      domain(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.domain/1.

  



  
    
      
    
    
      fix(var, val)



    

  


  

Callback implementation for CPSolver.Variable.Interface.fix/2.

  



  
    
      
    
    
      fixed?(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.fixed?/1.

  



  
    
      
    
    
      id(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.id/1.

  



  
    
      
    
    
      map(var, value)



    

  


  

Callback implementation for CPSolver.Variable.Interface.map/2.

  



  
    
      
    
    
      max(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.max/1.

  



  
    
      
    
    
      min(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.min/1.

  



  
    
      
    
    
      remove(var, val)



    

  


  

Callback implementation for CPSolver.Variable.Interface.remove/2.

  



  
    
      
    
    
      removeAbove(var, val)



    

  


  

Callback implementation for CPSolver.Variable.Interface.removeAbove/2.

  



  
    
      
    
    
      removeBelow(var, val)



    

  


  

Callback implementation for CPSolver.Variable.Interface.removeBelow/2.

  



  
    
      
    
    
      size(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.size/1.

  



  
    
      
    
    
      update(var, field, value)



    

  


  

Callback implementation for CPSolver.Variable.Interface.update/3.

  



  
    
      
    
    
      variable(var)



    

  


  

Callback implementation for CPSolver.Variable.Interface.variable/1.

  


        

      


  

    
CPSolver.Variable.View 
    



      
View is a variable with attached mapper function.
mapper is a bijection of the domain of original variable to the domain of the view

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        contains?(view, value)

      


    


    
      
        domain(view)

      


    


    
      
        fix(view, value)

      


    


    
      
        fixed?(view)

      


    


    
      
        max(view)

      


    


    
      
        min(view)

      


    


    
      
        new(variable, a, b)

      


          Configures (ax + b) view on variable x.
  mapper_fun maps view values back to the source variable;
  returns nil if there is no mapping.



    


    
      
        remove(view, value)

      


    


    
      
        removeAbove(view, value)

      


    


    
      
        removeBelow(view, value)

      


    


    
      
        size(view)

      


    





      


      
        Types

        


  
    
      
    
    
      t()



    

  


  

      

          @type t() :: %CPSolver.Variable.View{
  mapper: function(),
  variable: CPSolver.Variable.t()
}


      



  


        

      

      
        Functions

        


  
    
      
    
    
      contains?(view, value)



    

  


  


  



  
    
      
    
    
      domain(view)



    

  


  


  



  
    
      
    
    
      fix(view, value)



    

  


  


  



  
    
      
    
    
      fixed?(view)



    

  


  


  



  
    
      
    
    
      max(view)



    

  


  


  



  
    
      
    
    
      min(view)



    

  


  


  



  
    
      
    
    
      new(variable, a, b)



    

  


  

      

          @spec new(CPSolver.Variable.t(), neg_integer() | pos_integer(), integer()) :: t()


      


  Configures (ax + b) view on variable x.
  mapper_fun maps view values back to the source variable;
  returns nil if there is no mapping.

  



  
    
      
    
    
      remove(view, value)



    

  


  


  



  
    
      
    
    
      removeAbove(view, value)



    

  


  


  



  
    
      
    
    
      removeBelow(view, value)



    

  


  


  



  
    
      
    
    
      size(view)



    

  


  


  


        

      


  

    
CPSolver.Variable.View.Factory 
    




      
        Summary


  
    Functions
  


    
      
        inc(var, c)

      


    


    
      
        linear(var, coefficient, offset)

      


    


    
      
        minus(var)

      


    


    
      
        mul(var, coefficient)

      


    


    
      
        negation(var)

      


    





      


      
        Functions

        


  
    
      
    
    
      inc(var, c)



    

  


  


  



  
    
      
    
    
      linear(var, coefficient, offset)



    

  


  


  



  
    
      
    
    
      minus(var)



    

  


  


  



  
    
      
    
    
      mul(var, coefficient)



    

  


  


  



  
    
      
    
    
      negation(var)



    

  


  


  


        

      


  

    
PackedMinMax 
    




      
        Summary


  
    Functions
  


    
      
        get_max(packed, size \\ 32)

      


    


    
      
        get_min(packed, size \\ 32)

      


    


    
      
        set_max(packed, max_value, size \\ 32)

      


    


    
      
        set_min(packed, min_value, size \\ 32)

      


    





      


      
        Functions

        


    

  
    
      
    
    
      get_max(packed, size \\ 32)



    

  


  


  



    

  
    
      
    
    
      get_min(packed, size \\ 32)



    

  


  


  



    

  
    
      
    
    
      set_max(packed, max_value, size \\ 32)



    

  


  


  



    

  
    
      
    
    
      set_min(packed, min_value, size \\ 32)
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