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Elixir bindings for PyVRP, a state-of-the-art
Vehicle Routing Problem (VRP) solver.
Uses the same C++ core as PyVRP via NIFs for high-performance solving of
CVRP, VRPTW, multi-depot, heterogeneous fleet, prize-collecting, and multi-trip problems.
Installation
Add ex_vrp to your dependencies in mix.exs:
def deps do
  [
    {:ex_vrp, "~> 0.4.0"}
  ]
end
Precompiled NIF binaries are available for Linux (x86_64) and macOS (ARM).
On other platforms, a C++20 compiler is required.
Quick Start
model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0)
  |> ExVrp.Model.add_vehicle_type(num_available: 2, capacity: [100])
  |> ExVrp.Model.add_client(x: 10, y: 10, delivery: [20])
  |> ExVrp.Model.add_client(x: 20, y: 0, delivery: [30])
  |> ExVrp.Model.add_client(x: 0, y: 20, delivery: [25])

{:ok, result} = ExVrp.solve(model, max_iterations: 1000, seed: 42)

result.best.routes     #=> [[1, 2], [3]]
result.best.distance   #=> 8944
result.best.is_feasible #=> true
Features
	Parallel multi-start solving (automatic core utilization)
	Time windows, service durations, and shift constraints
	Multi-dimensional capacity (weight, volume, etc.)
	Prize-collecting with optional clients
	Multi-trip routes with depot reloads
	Same-vehicle grouping constraints
	Custom distance/duration matrices
	Configurable stopping criteria
	Progress callbacks

See the full documentation for detailed API reference and examples.
Development
Prerequisites
	Elixir 1.15+
	C++20 compiler (gcc 11+ or clang 14+)
	Make

Setup
mix deps.get
mix compile
mix test

License
MIT License - see LICENSE file.
Acknowledgments
	PyVRP - The underlying solver
	Fine - Ergonomic C++ NIF bindings
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Elixir bindings for PyVRP, a state-of-the-art
Vehicle Routing Problem (VRP) solver.
ExVrp uses the same C++ core as PyVRP via NIFs, providing high-performance solving
for a wide range of VRP variants.
Supported Problem Types
	Capacitated VRP (CVRP)
	VRP with Time Windows (VRPTW)
	VRP with Pickups and Deliveries
	Multi-depot VRP
	Heterogeneous fleet VRP
	Prize-collecting (optional clients)
	Multi-trip / reload routes
	Same-vehicle grouping constraints

Quick Start
Build a model, solve it, inspect the result:
model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0)
  |> ExVrp.Model.add_vehicle_type(num_available: 2, capacity: [100], time_windows: [{0, 28_800}])
  |> ExVrp.Model.add_client(x: 10, y: 10, delivery: [20])
  |> ExVrp.Model.add_client(x: 20, y: 0, delivery: [30])
  |> ExVrp.Model.add_client(x: 0, y: 20, delivery: [25])

{:ok, result} = ExVrp.solve(model, max_iterations: 1000, seed: 42)

result.best.routes    #=> [[1, 2], [3]]
result.best.distance  #=> 8944
result.best.is_feasible #=> true
Solver Options
The solver accepts these options:
	:max_iterations - Maximum ILS iterations (default: 10_000)
	:max_runtime - Maximum runtime in milliseconds (default: unlimited)
	:seed - Random seed for reproducibility (default: random)
	:num_starts - Parallel independent solver starts (default: :auto).
:auto uses div(System.schedulers_online(), 2) cores.
	:stop - Custom ExVrp.StoppingCriteria (overrides max_iterations/max_runtime)
	:penalty_params - ExVrp.PenaltyManager.Params for penalty tuning
	:ils_params - ExVrp.IteratedLocalSearch.Params for ILS behavior
	:on_progress - Callback function receiving progress maps

Parallel Multi-Start
By default, ExVrp runs multiple independent solver instances in parallel
(one per two CPU cores) and returns the best result. Each start uses a
different seed. Override with num_starts: 1 for single-threaded solving:
{:ok, result} = ExVrp.solve(model, num_starts: 1, seed: 42)
Time Windows
model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0, tw_early: 0, tw_late: 28_800)
  |> ExVrp.Model.add_vehicle_type(
    num_available: 3,
    capacity: [100],
    time_windows: [{0, 28_800}]
  )
  |> ExVrp.Model.add_client(
    x: 10, y: 10,
    delivery: [20],
    service_duration: 300,
    tw_early: 3600,
    tw_late: 7200
  )

{:ok, result} = ExVrp.solve(model)
Custom Stopping Criteria
alias ExVrp.StoppingCriteria

# Stop after 60 seconds OR 5000 iterations, whichever comes first
stop = StoppingCriteria.any([
  StoppingCriteria.max_runtime(60.0),
  StoppingCriteria.max_iterations(5000)
])

{:ok, result} = ExVrp.solve(model, stop: stop)

# Stop when no improvement for 1000 iterations
stop = StoppingCriteria.no_improvement(1000)
{:ok, result} = ExVrp.solve(model, stop: stop)
Inspecting Routes
alias ExVrp.Solution

{:ok, result} = ExVrp.solve(model)
routes = Solution.routes(result.best)

for route <- routes do
  IO.puts("Vehicle type: #{route.vehicle_type}")
  IO.puts("Visits: #{inspect(route.visits)}")
  IO.puts("Distance: #{ExVrp.Route.distance(route)}")
end
Multi-Trip (Reload) Routes
Vehicles can return to a reload depot mid-route to replenish capacity:
model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0)
  |> ExVrp.Model.add_vehicle_type(
    num_available: 1,
    capacity: [50],
    time_windows: [{0, 28_800}],
    reload_depots: [0],
    max_reloads: 3
  )
  |> ExVrp.Model.add_client(x: 10, y: 0, delivery: [30])
  |> ExVrp.Model.add_client(x: 20, y: 0, delivery: [30])
Prize-Collecting (Optional Clients)
Clients can be marked as optional with a prize. The solver decides which
clients to visit to maximise profit:
model
|> ExVrp.Model.add_client(
  x: 50, y: 50,
  delivery: [10],
  required: false,
  prize: 5000
)
Architecture
	ExVrp.Model - Problem builder (depots, clients, vehicles, constraints)
	ExVrp.Solver - Solver configuration and execution
	ExVrp.Solution - Solution queries (routes, costs, feasibility, schedules)
	ExVrp.Route - Per-route queries (distance, duration, load, timing)
	ExVrp.StoppingCriteria - Stopping conditions (iterations, runtime, improvement)
	ExVrp.PenaltyManager - Dynamic penalty adjustment
	ExVrp.Native - Low-level C++ NIF bindings (via Fine)
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        solve(model, opts \\ [])

      


        Solve a VRP model.



    


    
      
        solve!(model, opts \\ [])

      


        Solve a VRP model, raising on error.
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          @spec solve(
  ExVrp.Model.t(),
  keyword()
) :: {:ok, ExVrp.Solution.t()} | {:error, term()}


      


Solve a VRP model.
Returns {:ok, result} on success, {:error, reason} on failure.
The result contains result.best (the best ExVrp.Solution) and metadata
like result.num_iterations and result.runtime.
See the module documentation for available options.
Examples
{:ok, result} = ExVrp.solve(model)
result.best.routes
result.best.distance

{:ok, result} = ExVrp.solve(model, max_iterations: 5000, seed: 42)

{:ok, result} = ExVrp.solve(model, max_runtime: 30_000)

  



    

  
    
      
    
    
      solve!(model, opts \\ [])



        
          
        

    

  


  

      

          @spec solve!(
  ExVrp.Model.t(),
  keyword()
) :: ExVrp.Solution.t()


      


Solve a VRP model, raising on error.
See solve/2 for options.
Examples
result = ExVrp.solve!(model, max_iterations: 1000)
result.best.distance
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Benchmark suite for ex_vrp solver.
Runs benchmarks on VRPLIB instances with multiple seeds and reports
solution quality regressions against known expected distances (seed=42).
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        Runs benchmarks on the specified instances.
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Runs benchmarks on the specified instances.
Options
	:iterations - Number of solver iterations per run (default: 1000)
	:save - Path to save JSON results

Examples
ExVrp.Benchmark.run(:all)
ExVrp.Benchmark.run([:ok_small, :rc208], iterations: 500)

  


        

      


  

    
ExVrp.DurationSegment 
    



      
Duration segments for tracking route timing during optimization.
Duration segments can be efficiently concatenated, and track statistics
about route and trip duration and time warp resulting from visiting clients
in the concatenated order.
This is a core data structure used by the local search operators to
efficiently evaluate moves.
Example
ds1 = ExVrp.DurationSegment.new(5, 0, 0, 5, 0)
ds2 = ExVrp.DurationSegment.new(0, 5, 3, 6, 0)
merged = ExVrp.DurationSegment.merge(4, ds1, ds2)
ExVrp.DurationSegment.time_warp(merged)
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        duration(segment)

      


        Returns the total duration of the whole segment.



    


    
      
        end_early(segment)

      


        Returns the earliest end time of the current trip.



    


    
      
        end_late(segment)

      


        Returns the latest end time of the current trip.



    


    
      
        finalise_back(segment)

      


        Finalises this segment at the back (end of segment).



    


    
      
        finalise_front(segment)

      


        Finalises this segment at the front (start of segment).



    


    
      
        merge(edge_duration, first, second)

      


        Merges two duration segments with an edge duration.



    


    
      
        new(duration, time_warp, start_early, start_late, release_time, cum_duration \\ 0, cum_time_warp \\ 0, prev_end_late \\ 9_223_372_036_854_775_807)

      


        Creates a new duration segment.



    


    
      
        prev_end_late(segment)

      


        Returns the latest end time of the previous trip.



    


    
      
        release_time(segment)

      


        Returns the release time of clients on the current trip.



    


    
      
        slack(segment)

      


        Returns the slack in the route schedule.



    


    
      
        start_early(segment)

      


        Returns the earliest start time for the current trip.



    


    
      
        start_late(segment)

      


        Returns the latest start time for the current trip.



    


    
      
        time_warp(segment, max_duration \\ 9_223_372_036_854_775_807)

      


        Returns the time warp on this whole segment.
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          @type t() :: reference()
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          @spec duration(t()) :: integer()


      


Returns the total duration of the whole segment.

  



  
    
      
    
    
      end_early(segment)



        
          
        

    

  


  

      

          @spec end_early(t()) :: integer()


      


Returns the earliest end time of the current trip.
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          @spec end_late(t()) :: integer()


      


Returns the latest end time of the current trip.

  



  
    
      
    
    
      finalise_back(segment)



        
          
        

    

  


  

      

          @spec finalise_back(t()) :: t()


      


Finalises this segment at the back (end of segment).
Returns a new segment where release times have been reset, and all
other statistics have been suitably adjusted. This is useful with
multiple trips because the finalised segment can be concatenated with
segments of later trips.

  



  
    
      
    
    
      finalise_front(segment)



        
          
        

    

  


  

      

          @spec finalise_front(t()) :: t()


      


Finalises this segment at the front (start of segment).
Returns a new segment where release times have been reset, and all
other statistics have been suitably adjusted. This is useful with
multiple trips because the finalised segment can be concatenated with
segments of earlier trips.
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          @spec merge(integer(), t(), t()) :: t()


      


Merges two duration segments with an edge duration.
Parameters
	edge_duration - Duration to travel between the segments
	first - First duration segment
	second - Second duration segment

Returns
A new merged duration segment.

  



    

    

    

  
    
      
    
    
      new(duration, time_warp, start_early, start_late, release_time, cum_duration \\ 0, cum_time_warp \\ 0, prev_end_late \\ 9_223_372_036_854_775_807)



        
          
        

    

  


  

      

          @spec new(
  integer(),
  integer(),
  integer(),
  integer(),
  integer(),
  integer(),
  integer(),
  integer()
) :: t()


      


Creates a new duration segment.
Parameters
	duration - Total duration of current trip
	time_warp - Total time warp on current trip
	start_early - Earliest start time of current trip
	start_late - Latest start time of current trip
	release_time - Earliest moment to start this trip segment
	cum_duration - Cumulative duration of other trips (default 0)
	cum_time_warp - Cumulative time warp of other trips (default 0)
	prev_end_late - Latest end time of previous trip (default INT_MAX)


  



  
    
      
    
    
      prev_end_late(segment)



        
          
        

    

  


  

      

          @spec prev_end_late(t()) :: integer()


      


Returns the latest end time of the previous trip.

  



  
    
      
    
    
      release_time(segment)



        
          
        

    

  


  

      

          @spec release_time(t()) :: integer()


      


Returns the release time of clients on the current trip.

  



  
    
      
    
    
      slack(segment)



        
          
        

    

  


  

      

          @spec slack(t()) :: integer()


      


Returns the slack in the route schedule.
This is the amount of time by which the start of the current trip can
be delayed without increasing the overall route duration.

  



  
    
      
    
    
      start_early(segment)



        
          
        

    

  


  

      

          @spec start_early(t()) :: integer()


      


Returns the earliest start time for the current trip.

  



  
    
      
    
    
      start_late(segment)



        
          
        

    

  


  

      

          @spec start_late(t()) :: integer()


      


Returns the latest start time for the current trip.

  



    

  
    
      
    
    
      time_warp(segment, max_duration \\ 9_223_372_036_854_775_807)



        
          
        

    

  


  

      

          @spec time_warp(t(), integer()) :: integer()


      


Returns the time warp on this whole segment.
If max_duration is provided, any excess duration beyond it is also
counted as time warp.

  


        

      


  

    
ExVrp.DynamicBitset 
    



      
A dynamic bitset for fast membership checks on integers.
This is useful for tracking which clients are in a solution, which routes
have been visited, etc. The bitset is immutable - all operations return
a new bitset.
The size is rounded up to the nearest multiple of 64 bits.
Example
bitset = ExVrp.DynamicBitset.new(128)
bitset = ExVrp.DynamicBitset.set(bitset, 0, true)
bitset = ExVrp.DynamicBitset.set(bitset, 64, true)
ExVrp.DynamicBitset.count(bitset)  # => 2
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        all?(bitset)

      


        Returns true if all bits are set.



    


    
      
        any?(bitset)

      


        Returns true if any bit is set.



    


    
      
        bit_and(a, b)

      


        Bitwise AND of two bitsets. Returns a new bitset.



    


    
      
        bit_not(bitset)

      


        Bitwise NOT of a bitset. Returns a new bitset.



    


    
      
        bit_or(a, b)

      


        Bitwise OR of two bitsets. Returns a new bitset.



    


    
      
        bit_xor(a, b)

      


        Bitwise XOR of two bitsets. Returns a new bitset.



    


    
      
        count(bitset)

      


        Returns the number of set bits.



    


    
      
        equal?(a, b)

      


        Checks if two bitsets are equal.



    


    
      
        get(bitset, idx)

      


        Gets the bit at the given index.



    


    
      
        new(num_bits)

      


        Creates a new bitset with the given number of bits.



    


    
      
        none?(bitset)

      


        Returns true if no bits are set.



    


    
      
        reset_all(bitset)

      


        Resets all bits to 0. Returns a new bitset.



    


    
      
        set(bitset, idx, value)

      


        Sets the bit at the given index. Returns a new bitset.



    


    
      
        set_all(bitset)

      


        Sets all bits to 1. Returns a new bitset.



    


    
      
        size(bitset)

      


        Returns the size (length) of the bitset.
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          @type t() :: reference()


      



  


        

      

      
        Functions
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          @spec all?(t()) :: boolean()


      


Returns true if all bits are set.

  



  
    
      
    
    
      any?(bitset)



        
          
        

    

  


  

      

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


      


Returns true if any bit is set.

  



  
    
      
    
    
      bit_and(a, b)



        
          
        

    

  


  

      

          @spec bit_and(t(), t()) :: t()


      


Bitwise AND of two bitsets. Returns a new bitset.

  



  
    
      
    
    
      bit_not(bitset)



        
          
        

    

  


  

      

          @spec bit_not(t()) :: t()


      


Bitwise NOT of a bitset. Returns a new bitset.

  



  
    
      
    
    
      bit_or(a, b)



        
          
        

    

  


  

      

          @spec bit_or(t(), t()) :: t()


      


Bitwise OR of two bitsets. Returns a new bitset.
Example
result = ExVrp.DynamicBitset.bit_or(bitset1, bitset2)

  



  
    
      
    
    
      bit_xor(a, b)



        
          
        

    

  


  

      

          @spec bit_xor(t(), t()) :: t()


      


Bitwise XOR of two bitsets. Returns a new bitset.

  



  
    
      
    
    
      count(bitset)



        
          
        

    

  


  

      

          @spec count(t()) :: non_neg_integer()


      


Returns the number of set bits.

  



  
    
      
    
    
      equal?(a, b)



        
          
        

    

  


  

      

          @spec equal?(t(), t()) :: boolean()


      


Checks if two bitsets are equal.

  



  
    
      
    
    
      get(bitset, idx)



        
          
        

    

  


  

      

          @spec get(t(), non_neg_integer()) :: boolean()


      


Gets the bit at the given index.
Example
ExVrp.DynamicBitset.get(bitset, 0)  # => false

  



  
    
      
    
    
      new(num_bits)



        
          
        

    

  


  

      

          @spec new(non_neg_integer()) :: t()


      


Creates a new bitset with the given number of bits.
The actual size is rounded up to the nearest multiple of 64.
Example
bitset = ExVrp.DynamicBitset.new(128)

  



  
    
      
    
    
      none?(bitset)



        
          
        

    

  


  

      

          @spec none?(t()) :: boolean()


      


Returns true if no bits are set.

  



  
    
      
    
    
      reset_all(bitset)



        
          
        

    

  


  

      

          @spec reset_all(t()) :: t()


      


Resets all bits to 0. Returns a new bitset.

  



  
    
      
    
    
      set(bitset, idx, value)



        
          
        

    

  


  

      

          @spec set(t(), non_neg_integer(), boolean()) :: t()


      


Sets the bit at the given index. Returns a new bitset.
Example
bitset = ExVrp.DynamicBitset.set(bitset, 0, true)

  



  
    
      
    
    
      set_all(bitset)



        
          
        

    

  


  

      

          @spec set_all(t()) :: t()


      


Sets all bits to 1. Returns a new bitset.

  



  
    
      
    
    
      size(bitset)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the size (length) of the bitset.
This is the actual allocated size (rounded up to 64-bit blocks).
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Load segments for tracking capacity during optimization.
Load segments track delivery and pickup loads, and can be efficiently
concatenated to track capacity violations resulting from visiting clients
in the concatenated order.
This is a core data structure used by the local search operators to
efficiently evaluate moves.
Example
ls1 = ExVrp.LoadSegment.new(10, 0, 10, 0)
ls2 = ExVrp.LoadSegment.new(0, 5, 5, 0)
merged = ExVrp.LoadSegment.merge(ls1, ls2)
ExVrp.LoadSegment.excess_load(merged, 12)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        delivery(segment)

      


        Returns the delivery amount, that is, the total amount of load delivered
to clients on this segment.



    


    
      
        excess_load(segment, capacity)

      


        Returns the load violation on this segment.



    


    
      
        finalise(segment, capacity)

      


        Finalises the load on this segment.



    


    
      
        load(segment)

      


        Returns the maximum load encountered on this segment.



    


    
      
        merge(first, second)

      


        Merges two load segments.



    


    
      
        new(delivery, pickup, load, excess_load \\ 0)

      


        Creates a new load segment.



    


    
      
        pickup(segment)

      


        Returns the amount picked up from clients on this segment.
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          @type t() :: reference()
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      delivery(segment)



        
          
        

    

  


  

      

          @spec delivery(t()) :: integer()


      


Returns the delivery amount, that is, the total amount of load delivered
to clients on this segment.

  



  
    
      
    
    
      excess_load(segment, capacity)



        
          
        

    

  


  

      

          @spec excess_load(t(), integer()) :: integer()


      


Returns the load violation on this segment.
Parameters
	segment - The load segment
	capacity - Segment capacity


  



  
    
      
    
    
      finalise(segment, capacity)



        
          
        

    

  


  

      

          @spec finalise(t(), integer()) :: t()


      


Finalises the load on this segment.
Returns a new segment where any excess load has been moved to the
cumulative excess load field. This is useful with reloading, because
the finalised segment can be concatenated with load segments of
subsequent trips.
Parameters
	segment - The load segment to finalise
	capacity - The capacity constraint


  



  
    
      
    
    
      load(segment)



        
          
        

    

  


  

      

          @spec load(t()) :: integer()


      


Returns the maximum load encountered on this segment.

  



  
    
      
    
    
      merge(first, second)



        
          
        

    

  


  

      

          @spec merge(t(), t()) :: t()


      


Merges two load segments.
Parameters
	first - First load segment
	second - Second load segment

Returns
A new merged load segment.

  



    

  
    
      
    
    
      new(delivery, pickup, load, excess_load \\ 0)



        
          
        

    

  


  

      

          @spec new(integer(), integer(), integer(), integer()) :: t()


      


Creates a new load segment.
Parameters
	delivery - Total delivery amount on this segment
	pickup - Total pickup amount on this segment
	load - Maximum load on this segment
	excess_load - Cumulative excess load on this segment (default 0)


  



  
    
      
    
    
      pickup(segment)



        
          
        

    

  


  

      

          @spec pickup(t()) :: integer()


      


Returns the amount picked up from clients on this segment.

  


        

      


  

    
ExVrp.MinimiseFleet 
    



      
Fleet minimisation for VRP instances.
Attempts to reduce the number of vehicles needed to achieve a feasible
solution to the given problem instance, subject to a stopping criterion.
Warning
This function is currently unable to solve instances with multiple
vehicle types. Support for such a setting may be added in future versions.

      


      
        Summary


  
    Functions
  


    
      
        minimise(model, stop, opts \\ [])

      


        Attempts to reduce the number of vehicles needed to achieve a feasible
solution to the given problem instance.



    


    
      
        minimise!(model, stop, opts \\ [])

      


        Same as minimise/3 but raises on error.



    





      


      
        Functions


        


    

  
    
      
    
    
      minimise(model, stop, opts \\ [])



        
          
        

    

  


  

      

          @spec minimise(ExVrp.Model.t(), ExVrp.StoppingCriteria.t(), keyword()) ::
  {:ok, ExVrp.VehicleType.t()} | {:error, String.t()}


      


Attempts to reduce the number of vehicles needed to achieve a feasible
solution to the given problem instance.
Parameters
	model - The VRP model with a given vehicle composition
	stop - Stopping criterion that determines how much effort to spend
	opts - Options:	:seed - Seed value for RNG (default: 0)



Returns
Returns {:ok, vehicle_type} with the smallest fleet composition that
admits a feasible solution, or {:error, reason} if validation fails.
Raises
Returns an error when the instance contains more than one vehicle type
or when the instance contains optional clients.
Examples
{:ok, vehicle_type} = MinimiseFleet.minimise(model, StoppingCriteria.max_iterations(100))

  



    

  
    
      
    
    
      minimise!(model, stop, opts \\ [])



        
          
        

    

  


  

      

          @spec minimise!(ExVrp.Model.t(), ExVrp.StoppingCriteria.t(), keyword()) ::
  ExVrp.VehicleType.t()


      


Same as minimise/3 but raises on error.

  


        

      


  

    
ExVrp.Native 
    



      
Low-level NIF bindings to PyVRP C++ core.
This module provides direct bindings to the C++ implementation.
Users should prefer the high-level API in ExVrp and ExVrp.Model.

      


      
        Summary


  
    Types
  


    
      
        model_input()

      


        Opaque accepted-input type for create_problem_data/1.



    





  
    Functions
  


    
      
        create_cost_evaluator(opts)

      


        Creates a CostEvaluator with penalty parameters.



    


    
      
        create_duration_segment_nif(duration, time_warp, start_early, start_late, release_time, cum_duration, cum_time_warp, prev_end_late)

      


        Creates a DurationSegment from raw parameters.



    


    
      
        create_dynamic_bitset_nif(num_bits)

      


        Creates a DynamicBitset with the given number of bits.



    


    
      
        create_exchange10_nif(problem_data)

      


        Creates an Exchange10 (relocate) operator.



    


    
      
        create_exchange11_nif(problem_data)

      


        Creates an Exchange11 (swap) operator.



    


    
      
        create_exchange20_nif(problem_data)

      


        Creates an Exchange20 operator.



    


    
      
        create_exchange21_nif(problem_data)

      


        Creates an Exchange21 operator.



    


    
      
        create_exchange22_nif(problem_data)

      


        Creates an Exchange22 operator.



    


    
      
        create_exchange30_nif(problem_data)

      


        Creates an Exchange30 operator.



    


    
      
        create_exchange31_nif(problem_data)

      


        Creates an Exchange31 operator.



    


    
      
        create_exchange32_nif(problem_data)

      


        Creates an Exchange32 operator.



    


    
      
        create_exchange33_nif(problem_data)

      


        Creates an Exchange33 operator.



    


    
      
        create_load_segment_nif(delivery, pickup, load, excess_load)

      


        Creates a new LoadSegment from raw parameters.



    


    
      
        create_local_search(problem_data, seed)

      


        Creates a persistent LocalSearch resource.



    


    
      
        create_perturbation_manager_nif(min, max)

      


        Creates a PerturbationManager with given min/max perturbations.



    


    
      
        create_problem_data(model)

      


        Creates a ProblemData resource from a Model.



    


    
      
        create_random_solution(problem_data, opts)

      


        Creates a random solution for the given problem data.



    


    
      
        create_relocate_with_depot_nif(problem_data)

      


        Creates a RelocateWithDepot operator.



    


    
      
        create_rng_from_seed_nif(seed)

      


        Creates an RNG from a seed.



    


    
      
        create_rng_from_state_nif(state)

      


        Creates an RNG from a 4-element state list.



    


    
      
        create_search_node_nif(problem_data, loc)

      


        Creates a new search node.



    


    
      
        create_search_route_nif(problem_data, idx, vehicle_type)

      


        Creates a new search route.



    


    
      
        create_solution_from_routes(problem_data, routes)

      


        Creates a solution from explicit routes.



    


    
      
        create_swap_routes_nif(problem_data)

      


        Creates a SwapRoutes operator.



    


    
      
        create_swap_star_nif(problem_data, overlap_tolerance)

      


        Creates a SwapStar operator with overlap_tolerance (0.0 to 1.0, use 1.0 to check all route pairs).



    


    
      
        create_swap_tails_nif(problem_data)

      


        Creates a SwapTails operator.



    


    
      
        duration_segment_duration_nif(seg)

      


        Gets the duration of a segment.



    


    
      
        duration_segment_end_early_nif(seg)

      


        Gets the end_early of a segment.



    


    
      
        duration_segment_end_late_nif(seg)

      


        Gets the end_late of a segment.



    


    
      
        duration_segment_finalise_back_nif(seg)

      


        Finalises a segment at the back.



    


    
      
        duration_segment_finalise_front_nif(seg)

      


        Finalises a segment at the front.



    


    
      
        duration_segment_merge_nif(edge_duration, first, second)

      


        Merges two segments with an edge duration.



    


    
      
        duration_segment_prev_end_late_nif(seg)

      


        Gets the prev_end_late of a segment.



    


    
      
        duration_segment_release_time_nif(seg)

      


        Gets the release_time of a segment.



    


    
      
        duration_segment_slack_nif(seg)

      


        Gets the slack of a segment.



    


    
      
        duration_segment_start_early_nif(seg)

      


        Gets the start_early of a segment.



    


    
      
        duration_segment_start_late_nif(seg)

      


        Gets the start_late of a segment.



    


    
      
        duration_segment_time_warp_nif(seg, max_duration)

      


        Gets the time warp of a segment, optionally with max_duration constraint.



    


    
      
        dynamic_bitset_all_nif(bitset)

      


        Returns true if all bits are set.



    


    
      
        dynamic_bitset_and_nif(a, b)

      


        Bitwise AND of two bitsets. Returns a new bitset.



    


    
      
        dynamic_bitset_any_nif(bitset)

      


        Returns true if any bit is set.



    


    
      
        dynamic_bitset_count_nif(bitset)

      


        Returns the number of set bits.



    


    
      
        dynamic_bitset_eq_nif(a, b)

      


        Checks if two bitsets are equal.



    


    
      
        dynamic_bitset_get_nif(bitset, idx)

      


        Gets the bit at the given index.



    


    
      
        dynamic_bitset_len_nif(bitset)

      


        Returns the size (length) of the bitset.



    


    
      
        dynamic_bitset_none_nif(bitset)

      


        Returns true if no bits are set.



    


    
      
        dynamic_bitset_not_nif(bitset)

      


        Bitwise NOT of a bitset. Returns a new bitset.



    


    
      
        dynamic_bitset_or_nif(a, b)

      


        Bitwise OR of two bitsets. Returns a new bitset.



    


    
      
        dynamic_bitset_reset_all_nif(bitset)

      


        Resets all bits to 0. Returns a new bitset.



    


    
      
        dynamic_bitset_set_all_nif(bitset)

      


        Sets all bits to 1. Returns a new bitset.



    


    
      
        dynamic_bitset_set_bit_nif(bitset, idx, value)

      


        Sets the bit at the given index. Returns a new bitset.



    


    
      
        dynamic_bitset_xor_nif(a, b)

      


        Bitwise XOR of two bitsets. Returns a new bitset.



    


    
      
        exchange10_apply_nif(op, u, v)

      


        Applies Exchange10 move.



    


    
      
        exchange10_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange10 move cost.



    


    
      
        exchange11_apply_nif(op, u, v)

      


        Applies Exchange11 move.



    


    
      
        exchange11_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange11 move cost.



    


    
      
        exchange20_apply_nif(op, u, v)

      


        Applies Exchange20 move.



    


    
      
        exchange20_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange20 move cost.



    


    
      
        exchange21_apply_nif(op, u, v)

      


        Applies Exchange21 move.



    


    
      
        exchange21_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange21 move cost.



    


    
      
        exchange22_apply_nif(op, u, v)

      


        Applies Exchange22 move.



    


    
      
        exchange22_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange22 move cost.



    


    
      
        exchange30_apply_nif(op, u, v)

      


        Applies Exchange30 move.



    


    
      
        exchange30_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange30 move cost.



    


    
      
        exchange31_apply_nif(op, u, v)

      


        Applies Exchange31 move.



    


    
      
        exchange31_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange31 move cost.



    


    
      
        exchange32_apply_nif(op, u, v)

      


        Applies Exchange32 move.



    


    
      
        exchange32_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange32 move cost.



    


    
      
        exchange33_apply_nif(op, u, v)

      


        Applies Exchange33 move.



    


    
      
        exchange33_evaluate_nif(op, u, v, evaluator)

      


        Evaluates Exchange33 move cost.



    


    
      
        inplace_cost_nif(u_node, v_node, problem_data, cost_evaluator)

      


        Computes the delta cost of inserting node U in place of node V.



    


    
      
        insert_cost_nif(u_node, v_node, problem_data, cost_evaluator)

      


        Computes the delta cost of inserting node U after node V in V's route.



    


    
      
        load_segment_delivery_nif(seg)

      


        Returns delivery amount.



    


    
      
        load_segment_excess_load_nif(seg, capacity)

      


        Returns excess load with capacity constraint.



    


    
      
        load_segment_finalise_nif(seg, capacity)

      


        Finalises a LoadSegment with capacity.



    


    
      
        load_segment_load_nif(seg)

      


        Returns load.



    


    
      
        load_segment_merge_nif(first, second)

      


        Merges two LoadSegments.



    


    
      
        load_segment_pickup_nif(seg)

      


        Returns pickup amount.



    


    
      
        local_search(solution, problem_data, cost_evaluator, opts \\ [])

      


        Performs local search on a solution.



    


    
      
        local_search_run(local_search, solution, cost_evaluator, timeout_ms \\ 0)

      


        Runs local search using a persistent LocalSearch resource.



    


    
      
        local_search_search_only(solution, problem_data, cost_evaluator, opts \\ [])

      


        Performs search-only local search (no perturbation).



    


    
      
        local_search_search_run(local_search, solution, cost_evaluator, timeout_ms \\ 0)

      


        Runs search-only (no perturbation) using a persistent LocalSearch resource.



    


    
      
        local_search_stats(solution, problem_data, cost_evaluator, opts \\ [])

      


        Performs local search and returns operator statistics.



    


    
      
        local_search_with_operators(solution, problem_data, cost_evaluator, opts \\ [])

      


        Performs local search with specific operators.



    


    
      
        make_search_route_nif(problem_data, visits, idx, vehicle_type)

      


        Creates a search route from a list of visits.



    


    
      
        perturbation_manager_max_perturbations_nif(pm)

      


        Returns the max_perturbations parameter.



    


    
      
        perturbation_manager_min_perturbations_nif(pm)

      


        Returns the min_perturbations parameter.



    


    
      
        perturbation_manager_num_perturbations_nif(pm)

      


        Returns the current number of perturbations to apply.



    


    
      
        perturbation_manager_shuffle_nif(pm, rng)

      


        Shuffles to pick a new random number of perturbations.



    


    
      
        problem_data_centroid_nif(problem_data)

      


        Gets the centroid (average x, y) of all client locations.



    


    
      
        problem_data_clients_nif(problem_data)

      


        Gets all client data for neighbourhood computation.
Returns list of {tw_early, tw_late, service_duration, prize} tuples.



    


    
      
        problem_data_distance_matrix_nif(problem_data, profile)

      


        Gets the distance matrix for a specific profile.
Returns a nested list of integers.



    


    
      
        problem_data_duration_matrix_nif(problem_data, profile)

      


        Gets the duration matrix for a specific profile.
Returns a nested list of integers.



    


    
      
        problem_data_groups_nif(problem_data)

      


        Gets client groups for neighbourhood computation.
Returns list of {[client_location_indices], mutually_exclusive} tuples.



    


    
      
        problem_data_has_time_windows_nif(problem_data)

      


        Checks if the problem data has time windows (any non-default TW on clients/depots).



    


    
      
        problem_data_num_clients(problem_data)

      


        Gets the number of clients from ProblemData.



    


    
      
        problem_data_num_depots(problem_data)

      


        Gets the number of depots from ProblemData.



    


    
      
        problem_data_num_load_dims(problem_data)

      


        Gets the number of load dimensions from ProblemData.



    


    
      
        problem_data_num_locations(problem_data)

      


        Gets the total number of locations (depots + clients) from ProblemData.



    


    
      
        problem_data_num_profiles_nif(problem_data)

      


        Gets the number of profiles (distance/duration matrix sets).



    


    
      
        problem_data_num_vehicle_types(problem_data)

      


        Gets the number of vehicle types from ProblemData.



    


    
      
        problem_data_num_vehicles(problem_data)

      


        Gets the total number of vehicles (sum of all vehicle types) from ProblemData.



    


    
      
        problem_data_vehicle_types_nif(problem_data)

      


        Gets vehicle type cost info for neighbourhood computation.
Returns list of {unit_distance_cost, unit_duration_cost, profile} tuples.



    


    
      
        relocate_with_depot_apply_nif(op, u, v)

      


        Applies RelocateWithDepot move.



    


    
      
        relocate_with_depot_evaluate_nif(op, u, v, evaluator)

      


        Evaluates RelocateWithDepot move cost.



    


    
      
        relocate_with_depot_supports_nif(problem_data)

      


        Checks if RelocateWithDepot is supported for the given problem data.



    


    
      
        remove_cost_nif(u_node, problem_data, cost_evaluator)

      


        Computes the delta cost of removing node U from its route.



    


    
      
        rng_call_nif(rng)

      


        Generates the next random integer. Returns {new_rng, value}.



    


    
      
        rng_max_nif()

      


        Returns the maximum value the RNG can produce (2^32-1).



    


    
      
        rng_min_nif()

      


        Returns the minimum value the RNG can produce (0).



    


    
      
        rng_rand_nif(rng)

      


        Generates a random float in [0, 1]. Returns {new_rng, value}.



    


    
      
        rng_randint_nif(rng, high)

      


        Generates a random integer in [0, high). Returns {new_rng, value}.



    


    
      
        rng_state_nif(rng)

      


        Gets the current RNG state as a 4-element list.



    


    
      
        search_node_client_nif(node)

      


        Gets the node's location (client index).



    


    
      
        search_node_has_route_nif(node)

      


        Checks if the node has a route assigned.



    


    
      
        search_node_idx_nif(node)

      


        Gets the node's index in the route.



    


    
      
        search_node_is_depot_nif(node)

      


        Checks if the node is a depot.



    


    
      
        search_node_is_end_depot_nif(node)

      


        Checks if the node is an end depot.



    


    
      
        search_node_is_reload_depot_nif(node)

      


        Checks if the node is a reload depot.



    


    
      
        search_node_is_start_depot_nif(node)

      


        Checks if the node is a start depot.



    


    
      
        search_node_trip_nif(node)

      


        Gets the node's trip index.



    


    
      
        search_route_append_nif(route, node)

      


        Appends a node to the route.



    


    
      
        search_route_capacity_nif(route)

      


        Gets the route capacity (as list).



    


    
      
        search_route_centroid_nif(route)

      


        Gets the route centroid.



    


    
      
        search_route_clear_nif(route)

      


        Clears the route.



    


    
      
        search_route_dist_after_nif(route, idx)

      


        Gets distance after index.



    


    
      
        search_route_dist_at_nif(route, idx, profile)

      


        Gets distance at specific index. Profile -1 uses route's default.



    


    
      
        search_route_dist_before_nif(route, idx)

      


        Gets distance before index.



    


    
      
        search_route_dist_between_nif(route, start, end, profile)

      


        Gets distance between two indices. Profile -1 uses route's default.



    


    
      
        search_route_distance_cost_nif(route)

      


        Gets the distance cost.



    


    
      
        search_route_distance_nif(route)

      


        Gets the route distance.



    


    
      
        search_route_duration_cost_nif(route)

      


        Gets the duration cost.



    


    
      
        search_route_duration_nif(route)

      


        Gets the route duration.



    


    
      
        search_route_empty_nif(route)

      


        Checks if the route is empty.



    


    
      
        search_route_end_depot_nif(route)

      


        Gets the route end depot.



    


    
      
        search_route_excess_distance_nif(route)

      


        Gets the route excess distance.



    


    
      
        search_route_excess_load_nif(route)

      


        Gets the route excess load (as list).



    


    
      
        search_route_fixed_vehicle_cost_nif(route)

      


        Gets the fixed vehicle cost.



    


    
      
        search_route_get_node_nif(route, idx)

      


        Gets a node at the given index.



    


    
      
        search_route_has_distance_cost_nif(route)

      


        Checks if the route has distance cost.



    


    
      
        search_route_has_duration_cost_nif(route)

      


        Checks if the route has duration cost.



    


    
      
        search_route_has_excess_distance_nif(route)

      


        Checks if the route has excess distance.



    


    
      
        search_route_has_excess_load_nif(route)

      


        Checks if the route has excess load.



    


    
      
        search_route_has_time_warp_nif(route)

      


        Checks if the route has time warp.



    


    
      
        search_route_idx_nif(route)

      


        Gets the route index.



    


    
      
        search_route_insert_nif(route, idx, node)

      


        Inserts a node at the given index.



    


    
      
        search_route_is_feasible_nif(route)

      


        Checks if the route is feasible.



    


    
      
        search_route_load_nif(route)

      


        Gets the route load (as list).



    


    
      
        search_route_max_duration_nif(route)

      


        Gets the route's max duration (shift_duration + max_overtime).



    


    
      
        search_route_max_overtime_nif(route)

      


        Gets the route's max overtime.



    


    
      
        search_route_max_trips_nif(route)

      


        Gets the max trips allowed for the route.



    


    
      
        search_route_num_clients_nif(route)

      


        Gets the number of clients in the route.



    


    
      
        search_route_num_depots_nif(route)

      


        Gets the number of depots in the route.



    


    
      
        search_route_num_trips_nif(route)

      


        Gets the number of trips in the route.



    


    
      
        search_route_overlaps_with_nif(route1, route2, tolerance)

      


        Checks if two routes overlap with the given tolerance (0.0 to 1.0).



    


    
      
        search_route_overtime_nif(route)

      


        Gets the route overtime.



    


    
      
        search_route_profile_nif(route)

      


        Gets the route profile.



    


    
      
        search_route_remove_nif(route, idx)

      


        Removes the node at the given index.



    


    
      
        search_route_shift_duration_nif(route)

      


        Gets the route's shift duration.



    


    
      
        search_route_size_nif(route)

      


        Gets the route size (total nodes including depots).



    


    
      
        search_route_start_depot_nif(route)

      


        Gets the route start depot.



    


    
      
        search_route_swap_nif(node1, node2)

      


        Swaps two nodes.



    


    
      
        search_route_time_warp_nif(route)

      


        Gets the route time warp.



    


    
      
        search_route_unit_distance_cost_nif(route)

      


        Gets the unit distance cost.



    


    
      
        search_route_unit_duration_cost_nif(route)

      


        Gets the unit duration cost.



    


    
      
        search_route_unit_overtime_cost_nif(route)

      


        Gets the route's unit overtime cost.



    


    
      
        search_route_update_nif(route)

      


        Updates the route (recomputes statistics).



    


    
      
        search_route_vehicle_type_nif(route)

      


        Gets the route vehicle type.



    


    
      
        solution_cost(solution, cost_evaluator)

      


        Computes the cost of a feasible solution. Returns max integer for infeasible.



    


    
      
        solution_distance(solution)

      


    


    
      
        solution_duration(solution)

      


    


    
      
        solution_fixed_vehicle_cost(solution)

      


        Returns the total fixed vehicle cost of the solution.



    


    
      
        solution_is_complete(solution_ref)

      


    


    
      
        solution_is_feasible(solution_ref)

      


    


    
      
        solution_is_group_feasible(solution_ref)

      


    


    
      
        solution_num_clients(solution_ref)

      


    


    
      
        solution_num_routes(solution_ref)

      


    


    
      
        solution_penalised_cost(solution, cost_evaluator)

      


        Computes the penalised cost of a solution (feasible or infeasible).



    


    
      
        solution_route_centroid(solution, route_idx)

      


        Gets the centroid of a specific route as {x, y}.



    


    
      
        solution_route_delivery(solution, route_idx)

      


        Gets the delivery load of a specific route in a solution.



    


    
      
        solution_route_distance(solution, route_idx)

      


        Gets the distance of a specific route in a solution.



    


    
      
        solution_route_distance_cost(solution, route_idx)

      


        Gets the distance cost of a specific route.



    


    
      
        solution_route_duration(solution, route_idx)

      


        Gets the duration of a specific route in a solution.



    


    
      
        solution_route_duration_cost(solution, route_idx)

      


        Gets the duration cost of a specific route.



    


    
      
        solution_route_end_depot(solution, route_idx)

      


        Gets the end depot of a specific route.



    


    
      
        solution_route_end_time(solution, route_idx)

      


        Gets the end time of a specific route.



    


    
      
        solution_route_excess_distance(solution, route_idx)

      


        Gets excess distance of a specific route.



    


    
      
        solution_route_excess_load(solution, route_idx)

      


        Gets excess load of a specific route (per dimension).



    


    
      
        solution_route_has_excess_distance(solution, route_idx)

      


        Checks if a specific route has excess distance.



    


    
      
        solution_route_has_excess_load(solution, route_idx)

      


        Checks if a specific route has excess load.



    


    
      
        solution_route_has_time_warp(solution, route_idx)

      


        Checks if a specific route has time warp.



    


    
      
        solution_route_is_feasible(solution, route_idx)

      


        Checks if a specific route in a solution is feasible.



    


    
      
        solution_route_num_trips(solution, route_idx)

      


        Gets the number of trips in a specific route.



    


    
      
        solution_route_overtime(solution, route_idx)

      


        Gets overtime of a specific route.



    


    
      
        solution_route_pickup(solution, route_idx)

      


        Gets the pickup load of a specific route in a solution.



    


    
      
        solution_route_prizes(solution, route_idx)

      


        Gets the prizes collected on a specific route.



    


    
      
        solution_route_reload_cost(solution, route_idx)

      


        Gets the reload cost of a specific route.



    


    
      
        solution_route_schedule(solution, route_idx)

      


        Returns the schedule of a route as a list of ScheduledVisit tuples.



    


    
      
        solution_route_service_duration(solution, route_idx)

      


        Gets the service duration of a specific route.



    


    
      
        solution_route_slack(solution, route_idx)

      


        Gets the slack time of a specific route.



    


    
      
        solution_route_start_depot(solution, route_idx)

      


        Gets the start depot of a specific route.



    


    
      
        solution_route_start_time(solution, route_idx)

      


        Gets the start time of a specific route.



    


    
      
        solution_route_time_warp(solution, route_idx)

      


        Gets time warp of a specific route.



    


    
      
        solution_route_travel_duration(solution, route_idx)

      


        Gets the travel duration of a specific route.



    


    
      
        solution_route_vehicle_type(solution, route_idx)

      


        Gets the vehicle type of a specific route.



    


    
      
        solution_route_visits(solution, route_idx)

      


        Gets the visits (client indices) of a specific route.



    


    
      
        solution_route_wait_duration(solution, route_idx)

      


        Gets the wait duration of a specific route.



    


    
      
        solution_routes(solution_ref)

      


    


    
      
        solution_unassigned(solution)

      


    


    
      
        swap_routes_apply_nif(op, route1, route2)

      


        Applies SwapRoutes move between two routes.



    


    
      
        swap_routes_evaluate_nif(op, route1, route2, evaluator)

      


        Evaluates SwapRoutes move cost between two routes.



    


    
      
        swap_star_apply_nif(op, route1, route2)

      


        Applies SwapStar move between two routes.



    


    
      
        swap_star_evaluate_nif(op, route1, route2, evaluator)

      


        Evaluates SwapStar move cost between two routes.



    


    
      
        swap_tails_apply_nif(op, u, v)

      


        Applies SwapTails move.



    


    
      
        swap_tails_evaluate_nif(op, u, v, evaluator)

      


        Evaluates SwapTails move cost.



    





      


      
        Types


        


  
    
      
    
    
      model_input()



        
          
        

    

  


  

      

          @type model_input() :: struct()


      


Opaque accepted-input type for create_problem_data/1.
Declared locally to avoid a ExVrp.Native -> ExVrp.Model compile-time edge;
callers pass %ExVrp.Model{} structs in practice.

  


        

      

      
        Functions


        


  
    
      
    
    
      create_cost_evaluator(opts)



        
          
        

    

  


  

      

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


      


Creates a CostEvaluator with penalty parameters.
Options
	:load_penalties - List of penalties for each load dimension (required)
	:tw_penalty - Time window violation penalty (required)
	:dist_penalty - Distance constraint violation penalty (required)


  



  
    
      
    
    
      create_duration_segment_nif(duration, time_warp, start_early, start_late, release_time, cum_duration, cum_time_warp, prev_end_late)



        
          
        

    

  


  

      

          @spec create_duration_segment_nif(
  integer(),
  integer(),
  integer(),
  integer(),
  integer(),
  integer(),
  integer(),
  integer()
) :: reference()


      


Creates a DurationSegment from raw parameters.

  



  
    
      
    
    
      create_dynamic_bitset_nif(num_bits)



        
          
        

    

  


  

      

          @spec create_dynamic_bitset_nif(non_neg_integer()) :: reference()


      


Creates a DynamicBitset with the given number of bits.

  



  
    
      
    
    
      create_exchange10_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange10 (relocate) operator.

  



  
    
      
    
    
      create_exchange11_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange11 (swap) operator.

  



  
    
      
    
    
      create_exchange20_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange20 operator.

  



  
    
      
    
    
      create_exchange21_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange21 operator.

  



  
    
      
    
    
      create_exchange22_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange22 operator.

  



  
    
      
    
    
      create_exchange30_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange30 operator.

  



  
    
      
    
    
      create_exchange31_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange31 operator.

  



  
    
      
    
    
      create_exchange32_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange32 operator.

  



  
    
      
    
    
      create_exchange33_nif(problem_data)



        
          
        

    

  


  

Creates an Exchange33 operator.

  



  
    
      
    
    
      create_load_segment_nif(delivery, pickup, load, excess_load)



        
          
        

    

  


  

      

          @spec create_load_segment_nif(integer(), integer(), integer(), integer()) ::
  reference()


      


Creates a new LoadSegment from raw parameters.

  



  
    
      
    
    
      create_local_search(problem_data, seed)



        
          
        

    

  


  

      

          @spec create_local_search(reference(), integer()) :: reference()


      


Creates a persistent LocalSearch resource.
This pre-computes neighbours (O(n²)) and creates all operators once.
The resource can be reused across iterations for significant speedup.
The seed initializes the RNG which is stored and reused across all calls,
matching PyVRP's behavior where one RNG is created at algorithm start.
Parameters
	problem_data - Reference to the problem data
	seed - Random seed for the RNG

Returns
Reference to the LocalSearch resource.

  



  
    
      
    
    
      create_perturbation_manager_nif(min, max)



        
          
        

    

  


  

      

          @spec create_perturbation_manager_nif(integer(), integer()) :: reference()


      


Creates a PerturbationManager with given min/max perturbations.

  



  
    
      
    
    
      create_problem_data(model)



        
          
        

    

  


  

      

          @spec create_problem_data(model_input()) :: {:ok, reference()} | {:error, term()}


      


Creates a ProblemData resource from a Model.

  



  
    
      
    
    
      create_random_solution(problem_data, opts)



        
          
        

    

  


  

      

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


      


Creates a random solution for the given problem data.

  



  
    
      
    
    
      create_relocate_with_depot_nif(problem_data)



        
          
        

    

  


  

Creates a RelocateWithDepot operator.

  



  
    
      
    
    
      create_rng_from_seed_nif(seed)



        
          
        

    

  


  

      

          @spec create_rng_from_seed_nif(non_neg_integer()) :: reference()


      


Creates an RNG from a seed.

  



  
    
      
    
    
      create_rng_from_state_nif(state)



        
          
        

    

  


  

      

          @spec create_rng_from_state_nif([non_neg_integer()]) ::
  {:ok, reference()} | {:error, term()}


      


Creates an RNG from a 4-element state list.

  



  
    
      
    
    
      create_search_node_nif(problem_data, loc)



        
          
        

    

  


  

Creates a new search node.

  



  
    
      
    
    
      create_search_route_nif(problem_data, idx, vehicle_type)



        
          
        

    

  


  

Creates a new search route.

  



  
    
      
    
    
      create_solution_from_routes(problem_data, routes)



        
          
        

    

  


  

      

          @spec create_solution_from_routes(reference(), [[non_neg_integer()]]) ::
  {:ok, reference()} | {:error, term()}


      


Creates a solution from explicit routes.
Routes is a list of lists of client IDs (integers).
Client IDs are 1-indexed (depot is 0, clients start at 1).

  



  
    
      
    
    
      create_swap_routes_nif(problem_data)



        
          
        

    

  


  

Creates a SwapRoutes operator.

  



  
    
      
    
    
      create_swap_star_nif(problem_data, overlap_tolerance)



        
          
        

    

  


  

Creates a SwapStar operator with overlap_tolerance (0.0 to 1.0, use 1.0 to check all route pairs).

  



  
    
      
    
    
      create_swap_tails_nif(problem_data)



        
          
        

    

  


  

Creates a SwapTails operator.

  



  
    
      
    
    
      duration_segment_duration_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_duration_nif(reference()) :: integer()


      


Gets the duration of a segment.

  



  
    
      
    
    
      duration_segment_end_early_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_end_early_nif(reference()) :: integer()


      


Gets the end_early of a segment.

  



  
    
      
    
    
      duration_segment_end_late_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_end_late_nif(reference()) :: integer()


      


Gets the end_late of a segment.

  



  
    
      
    
    
      duration_segment_finalise_back_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_finalise_back_nif(reference()) :: reference()


      


Finalises a segment at the back.

  



  
    
      
    
    
      duration_segment_finalise_front_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_finalise_front_nif(reference()) :: reference()


      


Finalises a segment at the front.

  



  
    
      
    
    
      duration_segment_merge_nif(edge_duration, first, second)



        
          
        

    

  


  

      

          @spec duration_segment_merge_nif(integer(), reference(), reference()) :: reference()


      


Merges two segments with an edge duration.

  



  
    
      
    
    
      duration_segment_prev_end_late_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_prev_end_late_nif(reference()) :: integer()


      


Gets the prev_end_late of a segment.

  



  
    
      
    
    
      duration_segment_release_time_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_release_time_nif(reference()) :: integer()


      


Gets the release_time of a segment.

  



  
    
      
    
    
      duration_segment_slack_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_slack_nif(reference()) :: integer()


      


Gets the slack of a segment.

  



  
    
      
    
    
      duration_segment_start_early_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_start_early_nif(reference()) :: integer()


      


Gets the start_early of a segment.

  



  
    
      
    
    
      duration_segment_start_late_nif(seg)



        
          
        

    

  


  

      

          @spec duration_segment_start_late_nif(reference()) :: integer()


      


Gets the start_late of a segment.

  



  
    
      
    
    
      duration_segment_time_warp_nif(seg, max_duration)



        
          
        

    

  


  

      

          @spec duration_segment_time_warp_nif(reference(), integer()) :: integer()


      


Gets the time warp of a segment, optionally with max_duration constraint.

  



  
    
      
    
    
      dynamic_bitset_all_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_all_nif(reference()) :: boolean()


      


Returns true if all bits are set.

  



  
    
      
    
    
      dynamic_bitset_and_nif(a, b)



        
          
        

    

  


  

      

          @spec dynamic_bitset_and_nif(reference(), reference()) :: reference()


      


Bitwise AND of two bitsets. Returns a new bitset.

  



  
    
      
    
    
      dynamic_bitset_any_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_any_nif(reference()) :: boolean()


      


Returns true if any bit is set.

  



  
    
      
    
    
      dynamic_bitset_count_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_count_nif(reference()) :: non_neg_integer()


      


Returns the number of set bits.

  



  
    
      
    
    
      dynamic_bitset_eq_nif(a, b)



        
          
        

    

  


  

      

          @spec dynamic_bitset_eq_nif(reference(), reference()) :: boolean()


      


Checks if two bitsets are equal.

  



  
    
      
    
    
      dynamic_bitset_get_nif(bitset, idx)



        
          
        

    

  


  

      

          @spec dynamic_bitset_get_nif(reference(), non_neg_integer()) :: boolean()


      


Gets the bit at the given index.

  



  
    
      
    
    
      dynamic_bitset_len_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_len_nif(reference()) :: non_neg_integer()


      


Returns the size (length) of the bitset.

  



  
    
      
    
    
      dynamic_bitset_none_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_none_nif(reference()) :: boolean()


      


Returns true if no bits are set.

  



  
    
      
    
    
      dynamic_bitset_not_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_not_nif(reference()) :: reference()


      


Bitwise NOT of a bitset. Returns a new bitset.

  



  
    
      
    
    
      dynamic_bitset_or_nif(a, b)



        
          
        

    

  


  

      

          @spec dynamic_bitset_or_nif(reference(), reference()) :: reference()


      


Bitwise OR of two bitsets. Returns a new bitset.

  



  
    
      
    
    
      dynamic_bitset_reset_all_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_reset_all_nif(reference()) :: reference()


      


Resets all bits to 0. Returns a new bitset.

  



  
    
      
    
    
      dynamic_bitset_set_all_nif(bitset)



        
          
        

    

  


  

      

          @spec dynamic_bitset_set_all_nif(reference()) :: reference()


      


Sets all bits to 1. Returns a new bitset.

  



  
    
      
    
    
      dynamic_bitset_set_bit_nif(bitset, idx, value)



        
          
        

    

  


  

      

          @spec dynamic_bitset_set_bit_nif(reference(), non_neg_integer(), boolean()) ::
  reference()


      


Sets the bit at the given index. Returns a new bitset.

  



  
    
      
    
    
      dynamic_bitset_xor_nif(a, b)



        
          
        

    

  


  

      

          @spec dynamic_bitset_xor_nif(reference(), reference()) :: reference()


      


Bitwise XOR of two bitsets. Returns a new bitset.

  



  
    
      
    
    
      exchange10_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange10 move.

  



  
    
      
    
    
      exchange10_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange10 move cost.

  



  
    
      
    
    
      exchange11_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange11 move.

  



  
    
      
    
    
      exchange11_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange11 move cost.

  



  
    
      
    
    
      exchange20_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange20 move.

  



  
    
      
    
    
      exchange20_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange20 move cost.

  



  
    
      
    
    
      exchange21_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange21 move.

  



  
    
      
    
    
      exchange21_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange21 move cost.

  



  
    
      
    
    
      exchange22_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange22 move.

  



  
    
      
    
    
      exchange22_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange22 move cost.

  



  
    
      
    
    
      exchange30_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange30 move.

  



  
    
      
    
    
      exchange30_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange30 move cost.

  



  
    
      
    
    
      exchange31_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange31 move.

  



  
    
      
    
    
      exchange31_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange31 move cost.

  



  
    
      
    
    
      exchange32_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange32 move.

  



  
    
      
    
    
      exchange32_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange32 move cost.

  



  
    
      
    
    
      exchange33_apply_nif(op, u, v)



        
          
        

    

  


  

Applies Exchange33 move.

  



  
    
      
    
    
      exchange33_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates Exchange33 move cost.

  



  
    
      
    
    
      inplace_cost_nif(u_node, v_node, problem_data, cost_evaluator)



        
          
        

    

  


  

Computes the delta cost of inserting node U in place of node V.
U must not be in a route, V must be in a route.
Returns 0 if the move is not possible.

  



  
    
      
    
    
      insert_cost_nif(u_node, v_node, problem_data, cost_evaluator)



        
          
        

    

  


  

Computes the delta cost of inserting node U after node V in V's route.
Returns 0 if the move is not possible (e.g., inserting a depot).

  



  
    
      
    
    
      load_segment_delivery_nif(seg)



        
          
        

    

  


  

      

          @spec load_segment_delivery_nif(reference()) :: integer()


      


Returns delivery amount.

  



  
    
      
    
    
      load_segment_excess_load_nif(seg, capacity)



        
          
        

    

  


  

      

          @spec load_segment_excess_load_nif(reference(), integer()) :: integer()


      


Returns excess load with capacity constraint.

  



  
    
      
    
    
      load_segment_finalise_nif(seg, capacity)



        
          
        

    

  


  

      

          @spec load_segment_finalise_nif(reference(), integer()) :: reference()


      


Finalises a LoadSegment with capacity.

  



  
    
      
    
    
      load_segment_load_nif(seg)



        
          
        

    

  


  

      

          @spec load_segment_load_nif(reference()) :: integer()


      


Returns load.

  



  
    
      
    
    
      load_segment_merge_nif(first, second)



        
          
        

    

  


  

      

          @spec load_segment_merge_nif(reference(), reference()) :: reference()


      


Merges two LoadSegments.

  



  
    
      
    
    
      load_segment_pickup_nif(seg)



        
          
        

    

  


  

      

          @spec load_segment_pickup_nif(reference()) :: integer()


      


Returns pickup amount.

  



    

  
    
      
    
    
      local_search(solution, problem_data, cost_evaluator, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs local search on a solution.
Options
	:exhaustive - Whether to run exhaustive search (default: false)


  



    

  
    
      
    
    
      local_search_run(local_search, solution, cost_evaluator, timeout_ms \\ 0)



        
          
        

    

  


  

      

          @spec local_search_run(reference(), reference(), reference(), non_neg_integer()) ::
  {:ok, reference()} | {:error, term()}


      


Runs local search using a persistent LocalSearch resource.
This avoids recreating neighbours and operators on each call.
Equivalent to Python's ls(solution, cost_eval) (with perturbation).
Uses the stored RNG which advances across calls (matching PyVRP).
Parameters
	local_search - Reference to LocalSearch resource from create_local_search/2
	solution - Reference to the current solution
	cost_evaluator - Reference to the cost evaluator

Returns
{:ok, improved_solution} or {:error, reason}

  



    

  
    
      
    
    
      local_search_search_only(solution, problem_data, cost_evaluator, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs search-only local search (no perturbation).
This matches PyVRP's ls.search() method which is used for the initial solution.
Unlike local_search/4 (which calls operator() with perturbation), this calls
the search() method directly after shuffling.
Used by Solver.solve/2 to create the initial solution:
PyVRP: init = ls.search(Solution(data, []), pm.max_cost_evaluator())
Options
	:seed - Random seed for shuffling (default: 42)


  



    

  
    
      
    
    
      local_search_search_run(local_search, solution, cost_evaluator, timeout_ms \\ 0)



        
          
        

    

  


  

      

          @spec local_search_search_run(
  reference(),
  reference(),
  reference(),
  non_neg_integer()
) ::
  {:ok, reference()} | {:error, term()}


      


Runs search-only (no perturbation) using a persistent LocalSearch resource.
Used for initial solution construction.
Equivalent to Python's ls.search(solution, cost_eval).
Uses the stored RNG which advances across calls (matching PyVRP).
Parameters
	local_search - Reference to LocalSearch resource from create_local_search/2
	solution - Reference to the current solution
	cost_evaluator - Reference to the cost evaluator

Returns
{:ok, improved_solution} or {:error, reason}

  



    

  
    
      
    
    
      local_search_stats(solution, problem_data, cost_evaluator, opts \\ [])



        
          
        

    

  


  

      

          @spec local_search_stats(reference(), reference(), reference(), keyword()) :: map()


      


Performs local search and returns operator statistics.
Returns a map with:
	:local_search - Map with :num_moves, :num_improving, :num_updates
	:operators - List of maps with :name, :num_evaluations, :num_applications

Same options as local_search_with_operators/4.

  



    

  
    
      
    
    
      local_search_with_operators(solution, problem_data, cost_evaluator, opts \\ [])



        
          
        

    

  


  

      

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


      


Performs local search with specific operators.
Options
	:node_operators - List of operator names (atoms):
	:exchange10 / :relocate - Relocate a single node
	:exchange11 / :swap11 - Swap two nodes
	:exchange20 / :relocate2 - Relocate two consecutive nodes
	:exchange21 / :swap21 - Exchange 2 nodes for 1
	:exchange22 / :swap22 - Exchange 2 nodes for 2
	:exchange30 / :relocate3 - Relocate three consecutive nodes
	:exchange31 / :swap31 - Exchange 3 nodes for 1
	:exchange32 / :swap32 - Exchange 3 nodes for 2
	:exchange33 / :swap33 - Exchange 3 nodes for 3
	:swap_tails - Swap route tails
	:relocate_with_depot - Relocate with depot reload (multi-trip)


	:route_operators - List of route operator names:
	:swap_star - SWAP* operator (Vidal et al.)
	:swap_routes - Swap entire routes


	:exhaustive - Whether to run exhaustive search (default: false)



  



  
    
      
    
    
      make_search_route_nif(problem_data, visits, idx, vehicle_type)



        
          
        

    

  


  

Creates a search route from a list of visits.

  



  
    
      
    
    
      perturbation_manager_max_perturbations_nif(pm)



        
          
        

    

  


  

      

          @spec perturbation_manager_max_perturbations_nif(reference()) :: integer()


      


Returns the max_perturbations parameter.

  



  
    
      
    
    
      perturbation_manager_min_perturbations_nif(pm)



        
          
        

    

  


  

      

          @spec perturbation_manager_min_perturbations_nif(reference()) :: integer()


      


Returns the min_perturbations parameter.

  



  
    
      
    
    
      perturbation_manager_num_perturbations_nif(pm)



        
          
        

    

  


  

      

          @spec perturbation_manager_num_perturbations_nif(reference()) :: integer()


      


Returns the current number of perturbations to apply.

  



  
    
      
    
    
      perturbation_manager_shuffle_nif(pm, rng)



        
          
        

    

  


  

      

          @spec perturbation_manager_shuffle_nif(reference(), reference()) :: reference()


      


Shuffles to pick a new random number of perturbations.

  



  
    
      
    
    
      problem_data_centroid_nif(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_centroid_nif(reference()) :: {float(), float()}


      


Gets the centroid (average x, y) of all client locations.

  



  
    
      
    
    
      problem_data_clients_nif(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_clients_nif(reference()) :: [
  {integer(), integer(), integer(), integer()}
]


      


Gets all client data for neighbourhood computation.
Returns list of {tw_early, tw_late, service_duration, prize} tuples.

  



  
    
      
    
    
      problem_data_distance_matrix_nif(problem_data, profile)



        
          
        

    

  


  

      

          @spec problem_data_distance_matrix_nif(reference(), integer()) :: [[integer()]]


      


Gets the distance matrix for a specific profile.
Returns a nested list of integers.

  



  
    
      
    
    
      problem_data_duration_matrix_nif(problem_data, profile)



        
          
        

    

  


  

      

          @spec problem_data_duration_matrix_nif(reference(), integer()) :: [[integer()]]


      


Gets the duration matrix for a specific profile.
Returns a nested list of integers.

  



  
    
      
    
    
      problem_data_groups_nif(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_groups_nif(reference()) :: [{[integer()], boolean()}]


      


Gets client groups for neighbourhood computation.
Returns list of {[client_location_indices], mutually_exclusive} tuples.

  



  
    
      
    
    
      problem_data_has_time_windows_nif(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_has_time_windows_nif(reference()) :: boolean()


      


Checks if the problem data has time windows (any non-default TW on clients/depots).

  



  
    
      
    
    
      problem_data_num_clients(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_clients(reference()) :: non_neg_integer()


      


Gets the number of clients from ProblemData.

  



  
    
      
    
    
      problem_data_num_depots(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_depots(reference()) :: non_neg_integer()


      


Gets the number of depots from ProblemData.

  



  
    
      
    
    
      problem_data_num_load_dims(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_load_dims(reference()) :: non_neg_integer()


      


Gets the number of load dimensions from ProblemData.

  



  
    
      
    
    
      problem_data_num_locations(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_locations(reference()) :: non_neg_integer()


      


Gets the total number of locations (depots + clients) from ProblemData.

  



  
    
      
    
    
      problem_data_num_profiles_nif(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_profiles_nif(reference()) :: non_neg_integer()


      


Gets the number of profiles (distance/duration matrix sets).

  



  
    
      
    
    
      problem_data_num_vehicle_types(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_vehicle_types(reference()) :: non_neg_integer()


      


Gets the number of vehicle types from ProblemData.

  



  
    
      
    
    
      problem_data_num_vehicles(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_num_vehicles(reference()) :: non_neg_integer()


      


Gets the total number of vehicles (sum of all vehicle types) from ProblemData.

  



  
    
      
    
    
      problem_data_vehicle_types_nif(problem_data)



        
          
        

    

  


  

      

          @spec problem_data_vehicle_types_nif(reference()) :: [
  {integer(), integer(), integer()}
]


      


Gets vehicle type cost info for neighbourhood computation.
Returns list of {unit_distance_cost, unit_duration_cost, profile} tuples.

  



  
    
      
    
    
      relocate_with_depot_apply_nif(op, u, v)



        
          
        

    

  


  

Applies RelocateWithDepot move.

  



  
    
      
    
    
      relocate_with_depot_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates RelocateWithDepot move cost.

  



  
    
      
    
    
      relocate_with_depot_supports_nif(problem_data)



        
          
        

    

  


  

      

          @spec relocate_with_depot_supports_nif(reference()) :: boolean()


      


Checks if RelocateWithDepot is supported for the given problem data.

  



  
    
      
    
    
      remove_cost_nif(u_node, problem_data, cost_evaluator)



        
          
        

    

  


  

Computes the delta cost of removing node U from its route.
Returns 0 if the move is not possible (e.g., removing a depot, node not in route).

  



  
    
      
    
    
      rng_call_nif(rng)



        
          
        

    

  


  

      

          @spec rng_call_nif(reference()) :: {reference(), non_neg_integer()}


      


Generates the next random integer. Returns {new_rng, value}.

  



  
    
      
    
    
      rng_max_nif()



        
          
        

    

  


  

      

          @spec rng_max_nif() :: non_neg_integer()


      


Returns the maximum value the RNG can produce (2^32-1).

  



  
    
      
    
    
      rng_min_nif()



        
          
        

    

  


  

      

          @spec rng_min_nif() :: non_neg_integer()


      


Returns the minimum value the RNG can produce (0).

  



  
    
      
    
    
      rng_rand_nif(rng)



        
          
        

    

  


  

      

          @spec rng_rand_nif(reference()) :: {reference(), float()}


      


Generates a random float in [0, 1]. Returns {new_rng, value}.

  



  
    
      
    
    
      rng_randint_nif(rng, high)



        
          
        

    

  


  

      

          @spec rng_randint_nif(reference(), non_neg_integer()) ::
  {reference(), non_neg_integer()}


      


Generates a random integer in [0, high). Returns {new_rng, value}.

  



  
    
      
    
    
      rng_state_nif(rng)



        
          
        

    

  


  

      

          @spec rng_state_nif(reference()) :: [non_neg_integer()]


      


Gets the current RNG state as a 4-element list.

  



  
    
      
    
    
      search_node_client_nif(node)



        
          
        

    

  


  

Gets the node's location (client index).

  



  
    
      
    
    
      search_node_has_route_nif(node)



        
          
        

    

  


  

Checks if the node has a route assigned.

  



  
    
      
    
    
      search_node_idx_nif(node)



        
          
        

    

  


  

Gets the node's index in the route.

  



  
    
      
    
    
      search_node_is_depot_nif(node)



        
          
        

    

  


  

Checks if the node is a depot.

  



  
    
      
    
    
      search_node_is_end_depot_nif(node)



        
          
        

    

  


  

Checks if the node is an end depot.

  



  
    
      
    
    
      search_node_is_reload_depot_nif(node)



        
          
        

    

  


  

Checks if the node is a reload depot.

  



  
    
      
    
    
      search_node_is_start_depot_nif(node)



        
          
        

    

  


  

Checks if the node is a start depot.

  



  
    
      
    
    
      search_node_trip_nif(node)



        
          
        

    

  


  

Gets the node's trip index.

  



  
    
      
    
    
      search_route_append_nif(route, node)



        
          
        

    

  


  

Appends a node to the route.

  



  
    
      
    
    
      search_route_capacity_nif(route)



        
          
        

    

  


  

Gets the route capacity (as list).

  



  
    
      
    
    
      search_route_centroid_nif(route)



        
          
        

    

  


  

Gets the route centroid.

  



  
    
      
    
    
      search_route_clear_nif(route)



        
          
        

    

  


  

Clears the route.

  



  
    
      
    
    
      search_route_dist_after_nif(route, idx)



        
          
        

    

  


  

Gets distance after index.

  



  
    
      
    
    
      search_route_dist_at_nif(route, idx, profile)



        
          
        

    

  


  

Gets distance at specific index. Profile -1 uses route's default.

  



  
    
      
    
    
      search_route_dist_before_nif(route, idx)



        
          
        

    

  


  

Gets distance before index.

  



  
    
      
    
    
      search_route_dist_between_nif(route, start, end, profile)



        
          
        

    

  


  

Gets distance between two indices. Profile -1 uses route's default.

  



  
    
      
    
    
      search_route_distance_cost_nif(route)



        
          
        

    

  


  

Gets the distance cost.

  



  
    
      
    
    
      search_route_distance_nif(route)



        
          
        

    

  


  

Gets the route distance.

  



  
    
      
    
    
      search_route_duration_cost_nif(route)



        
          
        

    

  


  

Gets the duration cost.

  



  
    
      
    
    
      search_route_duration_nif(route)



        
          
        

    

  


  

Gets the route duration.

  



  
    
      
    
    
      search_route_empty_nif(route)



        
          
        

    

  


  

Checks if the route is empty.

  



  
    
      
    
    
      search_route_end_depot_nif(route)



        
          
        

    

  


  

Gets the route end depot.

  



  
    
      
    
    
      search_route_excess_distance_nif(route)



        
          
        

    

  


  

Gets the route excess distance.

  



  
    
      
    
    
      search_route_excess_load_nif(route)



        
          
        

    

  


  

Gets the route excess load (as list).

  



  
    
      
    
    
      search_route_fixed_vehicle_cost_nif(route)



        
          
        

    

  


  

Gets the fixed vehicle cost.

  



  
    
      
    
    
      search_route_get_node_nif(route, idx)



        
          
        

    

  


  

Gets a node at the given index.

  



  
    
      
    
    
      search_route_has_distance_cost_nif(route)



        
          
        

    

  


  

Checks if the route has distance cost.

  



  
    
      
    
    
      search_route_has_duration_cost_nif(route)



        
          
        

    

  


  

Checks if the route has duration cost.

  



  
    
      
    
    
      search_route_has_excess_distance_nif(route)



        
          
        

    

  


  

Checks if the route has excess distance.

  



  
    
      
    
    
      search_route_has_excess_load_nif(route)



        
          
        

    

  


  

Checks if the route has excess load.

  



  
    
      
    
    
      search_route_has_time_warp_nif(route)



        
          
        

    

  


  

Checks if the route has time warp.

  



  
    
      
    
    
      search_route_idx_nif(route)



        
          
        

    

  


  

Gets the route index.

  



  
    
      
    
    
      search_route_insert_nif(route, idx, node)



        
          
        

    

  


  

Inserts a node at the given index.

  



  
    
      
    
    
      search_route_is_feasible_nif(route)



        
          
        

    

  


  

Checks if the route is feasible.

  



  
    
      
    
    
      search_route_load_nif(route)



        
          
        

    

  


  

Gets the route load (as list).

  



  
    
      
    
    
      search_route_max_duration_nif(route)



        
          
        

    

  


  

Gets the route's max duration (shift_duration + max_overtime).

  



  
    
      
    
    
      search_route_max_overtime_nif(route)



        
          
        

    

  


  

Gets the route's max overtime.

  



  
    
      
    
    
      search_route_max_trips_nif(route)



        
          
        

    

  


  

Gets the max trips allowed for the route.

  



  
    
      
    
    
      search_route_num_clients_nif(route)



        
          
        

    

  


  

Gets the number of clients in the route.

  



  
    
      
    
    
      search_route_num_depots_nif(route)



        
          
        

    

  


  

Gets the number of depots in the route.

  



  
    
      
    
    
      search_route_num_trips_nif(route)



        
          
        

    

  


  

Gets the number of trips in the route.

  



  
    
      
    
    
      search_route_overlaps_with_nif(route1, route2, tolerance)



        
          
        

    

  


  

Checks if two routes overlap with the given tolerance (0.0 to 1.0).

  



  
    
      
    
    
      search_route_overtime_nif(route)



        
          
        

    

  


  

Gets the route overtime.

  



  
    
      
    
    
      search_route_profile_nif(route)



        
          
        

    

  


  

Gets the route profile.

  



  
    
      
    
    
      search_route_remove_nif(route, idx)



        
          
        

    

  


  

Removes the node at the given index.

  



  
    
      
    
    
      search_route_shift_duration_nif(route)



        
          
        

    

  


  

Gets the route's shift duration.

  



  
    
      
    
    
      search_route_size_nif(route)



        
          
        

    

  


  

Gets the route size (total nodes including depots).

  



  
    
      
    
    
      search_route_start_depot_nif(route)



        
          
        

    

  


  

Gets the route start depot.

  



  
    
      
    
    
      search_route_swap_nif(node1, node2)



        
          
        

    

  


  

Swaps two nodes.

  



  
    
      
    
    
      search_route_time_warp_nif(route)



        
          
        

    

  


  

Gets the route time warp.

  



  
    
      
    
    
      search_route_unit_distance_cost_nif(route)



        
          
        

    

  


  

Gets the unit distance cost.

  



  
    
      
    
    
      search_route_unit_duration_cost_nif(route)



        
          
        

    

  


  

Gets the unit duration cost.

  



  
    
      
    
    
      search_route_unit_overtime_cost_nif(route)



        
          
        

    

  


  

Gets the route's unit overtime cost.

  



  
    
      
    
    
      search_route_update_nif(route)



        
          
        

    

  


  

Updates the route (recomputes statistics).

  



  
    
      
    
    
      search_route_vehicle_type_nif(route)



        
          
        

    

  


  

Gets the route vehicle type.

  



  
    
      
    
    
      solution_cost(solution, cost_evaluator)



        
          
        

    

  


  

      

          @spec solution_cost(reference(), reference()) :: non_neg_integer() | :infinity


      


Computes the cost of a feasible solution. Returns max integer for infeasible.

  



  
    
      
    
    
      solution_distance(solution)



        
          
        

    

  


  

      

          @spec solution_distance(reference()) :: non_neg_integer()


      



  



  
    
      
    
    
      solution_duration(solution)



        
          
        

    

  


  

      

          @spec solution_duration(reference()) :: non_neg_integer()


      



  



  
    
      
    
    
      solution_fixed_vehicle_cost(solution)



        
          
        

    

  


  

      

          @spec solution_fixed_vehicle_cost(reference()) :: non_neg_integer()


      


Returns the total fixed vehicle cost of the solution.

  



  
    
      
    
    
      solution_is_complete(solution_ref)



        
          
        

    

  


  

      

          @spec solution_is_complete(reference()) :: boolean()


      



  



  
    
      
    
    
      solution_is_feasible(solution_ref)



        
          
        

    

  


  

      

          @spec solution_is_feasible(reference()) :: boolean()


      



  



  
    
      
    
    
      solution_is_group_feasible(solution_ref)



        
          
        

    

  


  

      

          @spec solution_is_group_feasible(reference()) :: boolean()


      



  



  
    
      
    
    
      solution_num_clients(solution_ref)



        
          
        

    

  


  

      

          @spec solution_num_clients(reference()) :: non_neg_integer()


      



  



  
    
      
    
    
      solution_num_routes(solution_ref)



        
          
        

    

  


  

      

          @spec solution_num_routes(reference()) :: non_neg_integer()


      



  



  
    
      
    
    
      solution_penalised_cost(solution, cost_evaluator)



        
          
        

    

  


  

      

          @spec solution_penalised_cost(reference(), reference()) :: non_neg_integer()


      


Computes the penalised cost of a solution (feasible or infeasible).

  



  
    
      
    
    
      solution_route_centroid(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_centroid(reference(), non_neg_integer()) :: {float(), float()}


      


Gets the centroid of a specific route as {x, y}.

  



  
    
      
    
    
      solution_route_delivery(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_delivery(reference(), non_neg_integer()) :: [non_neg_integer()]


      


Gets the delivery load of a specific route in a solution.

  



  
    
      
    
    
      solution_route_distance(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_distance(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the distance of a specific route in a solution.

  



  
    
      
    
    
      solution_route_distance_cost(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_distance_cost(reference(), non_neg_integer()) ::
  non_neg_integer()


      


Gets the distance cost of a specific route.

  



  
    
      
    
    
      solution_route_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_duration(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the duration of a specific route in a solution.

  



  
    
      
    
    
      solution_route_duration_cost(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_duration_cost(reference(), non_neg_integer()) ::
  non_neg_integer()


      


Gets the duration cost of a specific route.

  



  
    
      
    
    
      solution_route_end_depot(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_end_depot(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the end depot of a specific route.

  



  
    
      
    
    
      solution_route_end_time(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_end_time(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the end time of a specific route.

  



  
    
      
    
    
      solution_route_excess_distance(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_excess_distance(reference(), non_neg_integer()) ::
  non_neg_integer()


      


Gets excess distance of a specific route.

  



  
    
      
    
    
      solution_route_excess_load(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_excess_load(reference(), non_neg_integer()) :: [
  non_neg_integer()
]


      


Gets excess load of a specific route (per dimension).

  



  
    
      
    
    
      solution_route_has_excess_distance(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_has_excess_distance(reference(), non_neg_integer()) :: boolean()


      


Checks if a specific route has excess distance.

  



  
    
      
    
    
      solution_route_has_excess_load(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_has_excess_load(reference(), non_neg_integer()) :: boolean()


      


Checks if a specific route has excess load.

  



  
    
      
    
    
      solution_route_has_time_warp(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_has_time_warp(reference(), non_neg_integer()) :: boolean()


      


Checks if a specific route has time warp.

  



  
    
      
    
    
      solution_route_is_feasible(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_is_feasible(reference(), non_neg_integer()) :: boolean()


      


Checks if a specific route in a solution is feasible.

  



  
    
      
    
    
      solution_route_num_trips(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_num_trips(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the number of trips in a specific route.

  



  
    
      
    
    
      solution_route_overtime(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_overtime(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets overtime of a specific route.

  



  
    
      
    
    
      solution_route_pickup(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_pickup(reference(), non_neg_integer()) :: [non_neg_integer()]


      


Gets the pickup load of a specific route in a solution.

  



  
    
      
    
    
      solution_route_prizes(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_prizes(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the prizes collected on a specific route.

  



  
    
      
    
    
      solution_route_reload_cost(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_reload_cost(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the reload cost of a specific route.

  



  
    
      
    
    
      solution_route_schedule(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_schedule(reference(), non_neg_integer()) :: [
  {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer(),
   non_neg_integer(), non_neg_integer()}
]


      


Returns the schedule of a route as a list of ScheduledVisit tuples.
Each tuple contains: {location, trip, start_service, end_service, wait_duration, time_warp}

  



  
    
      
    
    
      solution_route_service_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_service_duration(reference(), non_neg_integer()) ::
  non_neg_integer()


      


Gets the service duration of a specific route.

  



  
    
      
    
    
      solution_route_slack(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_slack(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the slack time of a specific route.

  



  
    
      
    
    
      solution_route_start_depot(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_start_depot(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the start depot of a specific route.

  



  
    
      
    
    
      solution_route_start_time(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_start_time(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the start time of a specific route.

  



  
    
      
    
    
      solution_route_time_warp(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_time_warp(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets time warp of a specific route.

  



  
    
      
    
    
      solution_route_travel_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_travel_duration(reference(), non_neg_integer()) ::
  non_neg_integer()


      


Gets the travel duration of a specific route.

  



  
    
      
    
    
      solution_route_vehicle_type(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_vehicle_type(reference(), non_neg_integer()) :: non_neg_integer()


      


Gets the vehicle type of a specific route.

  



  
    
      
    
    
      solution_route_visits(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_visits(reference(), non_neg_integer()) :: [non_neg_integer()]


      


Gets the visits (client indices) of a specific route.

  



  
    
      
    
    
      solution_route_wait_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec solution_route_wait_duration(reference(), non_neg_integer()) ::
  non_neg_integer()


      


Gets the wait duration of a specific route.

  



  
    
      
    
    
      solution_routes(solution_ref)



        
          
        

    

  


  

      

          @spec solution_routes(reference()) :: [[non_neg_integer()]]


      



  



  
    
      
    
    
      solution_unassigned(solution)



        
          
        

    

  


  

      

          @spec solution_unassigned(reference()) :: [non_neg_integer()]


      



  



  
    
      
    
    
      swap_routes_apply_nif(op, route1, route2)



        
          
        

    

  


  

Applies SwapRoutes move between two routes.

  



  
    
      
    
    
      swap_routes_evaluate_nif(op, route1, route2, evaluator)



        
          
        

    

  


  

Evaluates SwapRoutes move cost between two routes.

  



  
    
      
    
    
      swap_star_apply_nif(op, route1, route2)



        
          
        

    

  


  

Applies SwapStar move between two routes.

  



  
    
      
    
    
      swap_star_evaluate_nif(op, route1, route2, evaluator)



        
          
        

    

  


  

Evaluates SwapStar move cost between two routes.

  



  
    
      
    
    
      swap_tails_apply_nif(op, u, v)



        
          
        

    

  


  

Applies SwapTails move.

  



  
    
      
    
    
      swap_tails_evaluate_nif(op, u, v, evaluator)



        
          
        

    

  


  

Evaluates SwapTails move cost.

  


        

      


  

    
ExVrp.Neighbourhood 
    



      
Computes granular neighbourhood for local search.
Uses Nx for efficient tensor operations, directly porting PyVRP's
compute_neighbours algorithm from pyvrp/search/neighbourhood.py.
Example
# Get neighbours for a problem
{:ok, problem_data} = ExVrp.Native.create_problem_data(model)
params = ExVrp.NeighbourhoodParams.new(num_neighbours: 40)
neighbours = ExVrp.Neighbourhood.compute_neighbours(problem_data, params)

# neighbours is a list of lists:
# - neighbours[0..num_depots-1] are empty (depots have no neighbours)
# - neighbours[i] for clients contains the k nearest client indices
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        compute_neighbours(problem_data, params \\ %NeighbourhoodParams{})

      


        Computes neighbours for each location.



    





      


      
        Functions


        


    

  
    
      
    
    
      compute_neighbours(problem_data, params \\ %NeighbourhoodParams{})



        
          
        

    

  


  

      

          @spec compute_neighbours(reference(), ExVrp.NeighbourhoodParams.t()) :: [[integer()]]


      


Computes neighbours for each location.
Returns list of lists: neighbours[location] = [neighbour_indices...]
Depots get empty lists.
Parameters
	problem_data - Reference to ProblemData resource
	params - NeighbourhoodParams configuration

Returns
A list of lists where:
	The first num_depots entries are empty lists
	Each client entry contains the indices of its k nearest neighbours


  


        

      


  

    
ExVrp.NeighbourhoodParams 
    



      
Configuration for calculating a granular neighbourhood.
Attributes
	weight_wait_time - Penalty weight given to the minimum wait time aspect
of the proximity calculation. A large wait time indicates the clients are
far apart in duration/time.
	weight_time_warp - Penalty weight given to the minimum time warp aspect
of the proximity calculation. A large time warp indicates the clients are
far apart in duration/time.
	num_neighbours - Number of other clients that are in each client's
granular neighbourhood. This parameter determines the size of the overall
neighbourhood.
	symmetric_proximity - Whether to calculate a symmetric proximity matrix.
This ensures edge (i, j) is given the same weight as (j, i).
	symmetric_neighbours - Whether to symmetrise the neighbourhood structure.
This ensures that when edge (i, j) is in, then so is (j, i). Note that
this is not the same as symmetric_proximity.

Example
iex> params = ExVrp.NeighbourhoodParams.new()
iex> params.weight_wait_time
0.2
iex> params.num_neighbours
60

iex> params = ExVrp.NeighbourhoodParams.new(num_neighbours: 40)
iex> params.num_neighbours
40
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        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new NeighbourhoodParams with the given options.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.NeighbourhoodParams{
  num_neighbours: pos_integer(),
  symmetric_neighbours: boolean(),
  symmetric_proximity: boolean(),
  weight_time_warp: float(),
  weight_wait_time: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new NeighbourhoodParams with the given options.
Options
	:weight_wait_time - Penalty weight for wait time (default: 0.2)
	:weight_time_warp - Penalty weight for time warp (default: 1.0)
	:num_neighbours - Number of neighbours per client (default: 60)
	:symmetric_proximity - Symmetrize proximity matrix (default: true)
	:symmetric_neighbours - Symmetrize neighbourhood structure (default: false)

Raises
	ArgumentError when num_neighbours is non-positive.

Examples
iex> ExVrp.NeighbourhoodParams.new()
%ExVrp.NeighbourhoodParams{
  weight_wait_time: 0.2,
  weight_time_warp: 1.0,
  num_neighbours: 60,
  symmetric_proximity: true,
  symmetric_neighbours: false
}

iex> ExVrp.NeighbourhoodParams.new(num_neighbours: 40, symmetric_neighbours: true)
%ExVrp.NeighbourhoodParams{
  weight_wait_time: 0.2,
  weight_time_warp: 1.0,
  num_neighbours: 40,
  symmetric_proximity: true,
  symmetric_neighbours: true
}

  


        

      


  

    
ExVrp.PerturbationManager 
    



      
Manages perturbation during local search.
In each iteration, it applies a random number of perturbations that
strengthen or weaken randomly selected neighbourhoods by inserting
or removing clients.
Example
pm = ExVrp.PerturbationManager.new(min: 1, max: 25)
assert pm.min_perturbations == 1
assert pm.max_perturbations == 25

# Initially set to min_perturbations
assert ExVrp.PerturbationManager.num_perturbations(pm) == 1

# Shuffle to pick a new random number
rng = ExVrp.RNG.new(42)
pm = ExVrp.PerturbationManager.shuffle(pm, rng)
num = ExVrp.PerturbationManager.num_perturbations(pm)
assert num >= 1 and num <= 25

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new PerturbationManager.



    


    
      
        num_perturbations(perturbation_manager)

      


        Returns the current number of perturbations to apply.



    


    
      
        shuffle(pm, rng)

      


        Shuffles to pick a new random number of perturbations.
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.PerturbationManager{
  max_perturbations: non_neg_integer(),
  min_perturbations: non_neg_integer(),
  ref: reference()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new PerturbationManager.
Options
	:min - Minimum number of perturbations (default: 1)
	:max - Maximum number of perturbations (default: 25)

Examples
iex> pm = ExVrp.PerturbationManager.new()
iex> pm.min_perturbations
1
iex> pm.max_perturbations
25

iex> pm = ExVrp.PerturbationManager.new(min: 5, max: 10)
iex> pm.min_perturbations
5

  



  
    
      
    
    
      num_perturbations(perturbation_manager)



        
          
        

    

  


  

      

          @spec num_perturbations(t()) :: non_neg_integer()


      


Returns the current number of perturbations to apply.
Initially this is set to min_perturbations. Call shuffle/2 to
pick a new random value within the [min, max] range.

  



  
    
      
    
    
      shuffle(pm, rng)



        
          
        

    

  


  

      

          @spec shuffle(t(), reference()) :: t()


      


Shuffles to pick a new random number of perturbations.
The new value is drawn uniformly from [min_perturbations, max_perturbations].
Example
pm = ExVrp.PerturbationManager.new(min: 1, max: 10)
rng = ExVrp.RNG.new(42)
pm = ExVrp.PerturbationManager.shuffle(pm, rng)
num = ExVrp.PerturbationManager.num_perturbations(pm)
assert num >= 1 and num <= 10

  


        

      


  

    
ExVrp.RNG 
    



      
Random Number Generator (xoshiro128++) for deterministic, reproducible search.
This module provides a functional wrapper around PyVRP's RandomNumberGenerator.
All operations return a new RNG state, preserving immutability.
Example
rng = ExVrp.RNG.new(42)
{rng, value} = ExVrp.RNG.call(rng)
{rng, float} = ExVrp.RNG.rand(rng)
{rng, int} = ExVrp.RNG.randint(rng, 100)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        call(rng)

      


        Generates the next random unsigned 32-bit integer.



    


    
      
        from_state(state)

      


        Creates a new RNG from an explicit 4-element state.



    


    
      
        max()

      


        Returns the maximum value the RNG can produce (2^32 - 1).



    


    
      
        min()

      


        Returns the minimum value the RNG can produce (0).



    


    
      
        new(seed)

      


        Creates a new RNG from a seed.



    


    
      
        rand(rng)

      


        Generates a random float uniformly distributed in [0, 1].



    


    
      
        randint(rng, high)

      


        Generates a random integer in the range [0, high).



    


    
      
        state(rng)

      


        Returns the internal RNG state as a 4-element list.
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      t()



        
          
        

    

  


  

      

          @type t() :: reference()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      call(rng)



        
          
        

    

  


  

      

          @spec call(t()) :: {t(), non_neg_integer()}


      


Generates the next random unsigned 32-bit integer.
Returns {new_rng, value} where value is in the range [min(), max()].
Example
{rng, value} = ExVrp.RNG.call(rng)

  



  
    
      
    
    
      from_state(state)



        
          
        

    

  


  

      

          @spec from_state([non_neg_integer()]) :: {:ok, t()} | {:error, term()}


      


Creates a new RNG from an explicit 4-element state.
Example
rng = ExVrp.RNG.from_state([1, 2, 3, 4])

  



  
    
      
    
    
      max()



        
          
        

    

  


  

      

          @spec max() :: non_neg_integer()


      


Returns the maximum value the RNG can produce (2^32 - 1).

  



  
    
      
    
    
      min()



        
          
        

    

  


  

      

          @spec min() :: non_neg_integer()


      


Returns the minimum value the RNG can produce (0).

  



  
    
      
    
    
      new(seed)



        
          
        

    

  


  

      

          @spec new(non_neg_integer()) :: t()


      


Creates a new RNG from a seed.
Example
rng = ExVrp.RNG.new(42)

  



  
    
      
    
    
      rand(rng)



        
          
        

    

  


  

      

          @spec rand(t()) :: {t(), float()}


      


Generates a random float uniformly distributed in [0, 1].
Returns {new_rng, value}.
Example
{rng, float} = ExVrp.RNG.rand(rng)

  



  
    
      
    
    
      randint(rng, high)



        
          
        

    

  


  

      

          @spec randint(t(), pos_integer()) :: {t(), non_neg_integer()}


      


Generates a random integer in the range [0, high).
Returns {new_rng, value}.
Example
{rng, value} = ExVrp.RNG.randint(rng, 100)  # value in 0..99

  



  
    
      
    
    
      state(rng)



        
          
        

    

  


  

      

          @spec state(t()) :: [non_neg_integer()]


      


Returns the internal RNG state as a 4-element list.
Example
state = ExVrp.RNG.state(rng)  # [a, b, c, d]

  


        

      


  

    
ExVrp.Read 
    



      
Reads VRPLIB format instance files.
A VRPLIB file contains a vehicle routing problem instance in a standardized
text format. This module provides functions to parse these files and create
an ExVrp.Model that can be solved.
Rounding Functions
When reading instances, you can specify a rounding function to apply to
floating-point values:
	:none - No rounding (default)
	:round - Round to nearest integer
	:trunc - Truncate to integer
	:dimacs - Scale by 10 and truncate (for DIMACS benchmarks)
	:exact - Scale by 1000 and round (for high precision)

Example
# Read a VRPLIB instance
model = ExVrp.Read.read("instances/E-n22-k4.vrp")

# With rounding
model = ExVrp.Read.read("instances/RC208.vrp", round_func: :round)
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        round_func()

      


    





  
    Functions
  


    
      
        read(path, opts \\ [])

      


        Reads a VRPLIB format file and returns an ExVrp.Model.



    





      


      
        Types


        


  
    
      
    
    
      round_func()



        
          
        

    

  


  

      

          @type round_func() ::
  :none | :round | :trunc | :dimacs | :exact | (float() -> integer())


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      read(path, opts \\ [])



        
          
        

    

  


  

      

          @spec read(
  String.t() | Path.t(),
  keyword()
) :: ExVrp.Model.t()


      


Reads a VRPLIB format file and returns an ExVrp.Model.
Options
	:round_func - Rounding function to apply to values (default: :none)

Examples
model = ExVrp.Read.read("instances/OkSmall.txt")
model = ExVrp.Read.read("instances/E-n22-k4.vrp", round_func: :dimacs)

  


        

      


  

    
ExVrp.RingBuffer 
    



      
A fixed-size circular buffer for tracking recently inserted values.
The ring buffer stores up to maxlen items. When full, new items
overwrite the oldest ones. The peek/1 function returns the value
that would be overwritten by the next append, or nil if that slot
hasn't been written yet.
Example
buffer = ExVrp.RingBuffer.new(2)
buffer = ExVrp.RingBuffer.append(buffer, :a)
buffer = ExVrp.RingBuffer.append(buffer, :b)
ExVrp.RingBuffer.peek(buffer)  # => :a (next to be overwritten)

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        append(rb, value)

      


        Appends a value to the buffer.



    


    
      
        clear(ring_buffer)

      


        Clears the buffer, resetting it to its initial state.



    


    
      
        length(ring_buffer)

      


        Returns the current number of items in the buffer.



    


    
      
        maxlen(ring_buffer)

      


        Returns the maximum length of the buffer.



    


    
      
        new(maxlen)

      


        Creates a new ring buffer with the given maximum length.



    


    
      
        peek(rb)

      


        Peeks at the value in the next slot (the one that would be overwritten next).



    


    
      
        skip(rb)

      


        Skips to the next slot without writing anything.
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.RingBuffer{
  buffer: list(),
  head: non_neg_integer(),
  maxlen: pos_integer(),
  size: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append(rb, value)



        
          
        

    

  


  

      

          @spec append(t(), term()) :: t()


      


Appends a value to the buffer.
If the buffer is full, the oldest value is overwritten.

  



  
    
      
    
    
      clear(ring_buffer)



        
          
        

    

  


  

      

          @spec clear(t()) :: t()


      


Clears the buffer, resetting it to its initial state.

  



  
    
      
    
    
      length(ring_buffer)



        
          
        

    

  


  

      

          @spec length(t()) :: non_neg_integer()


      


Returns the current number of items in the buffer.

  



  
    
      
    
    
      maxlen(ring_buffer)



        
          
        

    

  


  

      

          @spec maxlen(t()) :: pos_integer()


      


Returns the maximum length of the buffer.

  



  
    
      
    
    
      new(maxlen)



        
          
        

    

  


  

      

          @spec new(pos_integer()) :: t()


      


Creates a new ring buffer with the given maximum length.
Example
buffer = ExVrp.RingBuffer.new(3)

  



  
    
      
    
    
      peek(rb)



        
          
        

    

  


  

      

          @spec peek(t()) :: term() | nil


      


Peeks at the value in the next slot (the one that would be overwritten next).
Returns nil if that slot hasn't been written to yet.

  



  
    
      
    
    
      skip(rb)



        
          
        

    

  


  

      

          @spec skip(t()) :: t()


      


Skips to the next slot without writing anything.
This moves the head pointer forward without changing the size.

  


        

      


  

    
ExVrp.Statistics 
    



      
Statistics about the search progress.
Collects data about solution costs and feasibility during optimization,
allowing analysis of the search trajectory.
Example
stats = ExVrp.Statistics.new()
stats = ExVrp.Statistics.collect(stats, current, candidate, best, cost_evaluator)
Enum.each(stats, fn datum -> IO.inspect(datum) end)
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        t()

      


    





  
    Functions
  


    
      
        collect(stats, current, candidate, best, cost_evaluator)

      


        Collects iteration statistics.



    


    
      
        collecting?(statistics)

      


        Returns whether this Statistics object is collecting data.



    


    
      
        from_csv(path, opts \\ [])

      


        Reads a Statistics object from a CSV file.



    


    
      
        new(opts \\ [])

      


        Creates a new Statistics object.



    


    
      
        to_csv(stats, path, opts \\ [])

      


        Writes this Statistics object to a CSV file.
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      datum()



        
          
        

    

  


  

      

          @type datum() :: %{
  current_cost: integer(),
  current_feas: boolean(),
  candidate_cost: integer(),
  candidate_feas: boolean(),
  best_cost: integer(),
  best_feas: boolean()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.Statistics{
  clock: integer(),
  collect_stats: boolean(),
  data: [datum()],
  num_iterations: non_neg_integer(),
  runtimes: [float()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      collect(stats, current, candidate, best, cost_evaluator)



        
          
        

    

  


  

      

          @spec collect(t(), reference(), reference(), reference(), reference()) :: t()


      


Collects iteration statistics.
Parameters
	stats - The Statistics object
	current - The current solution reference
	candidate - The candidate solution reference
	best - The best solution reference
	cost_evaluator - CostEvaluator reference used to compute costs


  



  
    
      
    
    
      collecting?(statistics)



        
          
        

    

  


  

      

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


      


Returns whether this Statistics object is collecting data.

  



    

  
    
      
    
    
      from_csv(path, opts \\ [])



        
          
        

    

  


  

      

          @spec from_csv(
  Path.t(),
  keyword()
) :: {:ok, t()} | {:error, term()}


      


Reads a Statistics object from a CSV file.
Parameters
	path - File path to read from
	opts - Options (:delimiter defaults to ,)


  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new Statistics object.
Options
	:collect_stats - Whether to collect statistics. Can be turned off to
avoid excessive memory use on long runs. Defaults to true.


  



    

  
    
      
    
    
      to_csv(stats, path, opts \\ [])



        
          
        

    

  


  

      

          @spec to_csv(t(), Path.t(), keyword()) :: :ok | {:error, term()}


      


Writes this Statistics object to a CSV file.
Parameters
	stats - The Statistics object
	path - File path to write to
	opts - Options (:delimiter defaults to ,)


  


        

      


  

    
ExVrp.Trip 
    



      
Represents a trip within a route.
A trip is a continuous segment of visits between depot visits.
In simple VRP, a route has exactly one trip. Multi-trip VRP
allows vehicles to return to depots mid-route for reloading.
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.Trip{
  delivery: [non_neg_integer()],
  distance: non_neg_integer(),
  duration: non_neg_integer(),
  end_depot: non_neg_integer(),
  pickup: [non_neg_integer()],
  start_depot: non_neg_integer(),
  visits: [non_neg_integer()]
}


      



  


        

      


  

    
ExVrp.Client 
    



      
Represents a client (customer) location in a VRP.
A client has coordinates, demand (delivery/pickup amounts), time windows,
service duration, and optional grouping constraints.
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        t()
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        new(opts)

      


        Creates a new client.
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.Client{
  delivery: [non_neg_integer()],
  group: non_neg_integer() | nil,
  name: String.t(),
  pickup: [non_neg_integer()],
  prize: non_neg_integer(),
  release_time: non_neg_integer(),
  required: boolean(),
  service_duration: non_neg_integer(),
  tw_early: non_neg_integer(),
  tw_late: non_neg_integer(),
  x: number(),
  y: number()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new client.
Required Options
	:x - X coordinate
	:y - Y coordinate

Optional Options
	:delivery - List of delivery amounts per dimension (default: [0])
	:pickup - List of pickup amounts per dimension (default: [0])
	:service_duration - Time to service this client (default: 0)
	:tw_early - Earliest arrival time (default: 0)
	:tw_late - Latest arrival time (default: :infinity)
	:release_time - Earliest time client becomes available (default: 0)
	:prize - Prize for visiting optional client (default: 0)
	:required - Whether client must be visited (default: true)
	:group - Client group index for mutual exclusivity (default: nil)
	:name - Client name for identification (default: "")

Examples
iex> ExVrp.Client.new(x: 1, y: 2, delivery: [10])
%ExVrp.Client{x: 1, y: 2, delivery: [10], ...}

  


        

      


  

    
ExVrp.ClientGroup 
    



      
Represents a group of clients with mutual constraints.
Client groups are used to express constraints like "visit at most one
of these clients" (mutually exclusive) or other grouping requirements.
Groups are created empty and clients are added dynamically via
Model.add_client/2 with the group: option.
Mutually Exclusive Groups
When required: false, the group is automatically marked as mutually
exclusive, meaning at most one client from the group can be visited.
This matches PyVRP's semantics.
Example
{model, group} = Model.add_client_group(model, required: false)
model = Model.add_client(model, x: 1, y: 1, group: group)
model = Model.add_client(model, x: 2, y: 2, group: group)

      


      
        Summary


  
    Types
  


    
      
        t()
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        add_client(group, client_idx)

      


        Adds a client index to the group.



    


    
      
        clear(group)

      


        Clears all clients from the group.



    


    
      
        new(opts \\ [])

      


        Creates a new client group.
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          @type t() :: %ExVrp.ClientGroup{
  clients: [non_neg_integer()],
  mutually_exclusive: boolean(),
  name: String.t(),
  required: boolean()
}
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      add_client(group, client_idx)



        
          
        

    

  


  

      

          @spec add_client(t(), non_neg_integer()) :: t()


      


Adds a client index to the group.
This is called internally by Model.add_client/2 when a group is specified.

  



  
    
      
    
    
      clear(group)



        
          
        

    

  


  

      

          @spec clear(t()) :: t()


      


Clears all clients from the group.
Used when depots are added after clients, requiring re-indexing.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new client group.
Groups start empty - clients are added dynamically via Model.add_client/2.
Options
	:required - Whether at least one client must be visited (default: true)
	:mutually_exclusive - Whether only one client can be visited (default: not required)
	:name - Group name for identification (default: "")

Examples
iex> ExVrp.ClientGroup.new(required: false)
%ExVrp.ClientGroup{clients: [], required: false, mutually_exclusive: true, name: ""}

iex> ExVrp.ClientGroup.new(required: true, name: "priority")
%ExVrp.ClientGroup{clients: [], required: true, mutually_exclusive: false, name: "priority"}

  


        

      


  

    
ExVrp.Depot 
    



      
Represents a depot (distribution center) in a VRP.
Depots are locations where vehicles start and/or end their routes.
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        new(opts)

      


        Creates a new depot.
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          @type t() :: %ExVrp.Depot{
  name: String.t(),
  reload_cost: non_neg_integer(),
  service_duration: non_neg_integer(),
  tw_early: non_neg_integer(),
  tw_late: non_neg_integer(),
  x: number(),
  y: number()
}
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          @spec new(keyword()) :: t()


      


Creates a new depot.
Required Options
	:x - X coordinate
	:y - Y coordinate

Optional Options
	:tw_early - Earliest departure time (default: 0)
	:tw_late - Latest return time (default: :infinity)
	:service_duration - Time required for loading/unloading at this depot during reloads (default: 0)
	:reload_cost - Cost incurred when a vehicle reloads at this depot (default: 0)
	:name - Depot name for identification (default: "")

Examples
iex> ExVrp.Depot.new(x: 0, y: 0)
%ExVrp.Depot{x: 0, y: 0, ...}

  


        

      


  

    
ExVrp.Model 
    



      
High-level builder for constructing VRP problems.
The Model provides a fluent API for defining depots, vehicle types,
clients, and routing constraints. A model must have at least one depot
and one vehicle type before it can be solved.
Basic Example
model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0)
  |> ExVrp.Model.add_vehicle_type(num_available: 2, capacity: [100], time_windows: [{0, 28_800}])
  |> ExVrp.Model.add_client(x: 1, y: 1, delivery: [10])
  |> ExVrp.Model.add_client(x: 2, y: 2, delivery: [20])
  |> ExVrp.Model.add_client(x: 3, y: 1, delivery: [15])

{:ok, result} = ExVrp.solve(model)
Custom Distance/Duration Matrices
By default, Euclidean distances are computed from coordinates. You can
provide custom matrices instead (one per vehicle profile):
# Matrix rows/columns: [depot, client1, client2, ...]
distances = [
  [0, 100, 200],
  [100, 0, 150],
  [200, 150, 0]
]

model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0)
  |> ExVrp.Model.add_client(x: 1, y: 0, delivery: [10])
  |> ExVrp.Model.add_client(x: 2, y: 0, delivery: [20])
  |> ExVrp.Model.add_vehicle_type(num_available: 2, capacity: [100], time_windows: [{0, 28_800}])
  |> ExVrp.Model.set_distance_matrices([distances])
  |> ExVrp.Model.set_duration_matrices([distances])
Multi-Dimensional Capacity
Vehicles and clients can have multiple capacity dimensions (e.g. weight and volume):
model
|> ExVrp.Model.add_vehicle_type(num_available: 3, capacity: [1000, 50], time_windows: [{0, 28_800}])
|> ExVrp.Model.add_client(x: 1, y: 1, delivery: [200, 10])
Client Groups
Client groups allow mutually exclusive alternatives — only one client from
the group will be visited:
{model, group} = ExVrp.Model.add_client_group(model, required: false)
model =
  model
  |> ExVrp.Model.add_client(x: 1, y: 1, group: group, required: false, prize: 100)
  |> ExVrp.Model.add_client(x: 2, y: 2, group: group, required: false, prize: 150)
Same-Vehicle Groups
Force specific clients onto the same route:
[c1, c2] = model.clients
model = ExVrp.Model.add_same_vehicle_group(model, [c1, c2])
Validation
Models are validated automatically before solving. You can also validate
explicitly:
case ExVrp.Model.validate(model) do
  :ok -> :ready
  {:error, reasons} -> IO.inspect(reasons)
end
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        add_client(model, opts)

      


        Adds a client to the model.



    


    
      
        add_client_group(model, opts \\ [])

      


        Adds a new client group to the model.



    


    
      
        add_depot(model, opts)

      


        Adds a depot to the model.



    


    
      
        add_same_vehicle_group(model, clients, opts \\ [])

      


        Adds a same-vehicle constraint group to the model.



    


    
      
        add_vehicle_type(model, opts)

      


        Adds a vehicle type to the model.



    


    
      
        new()

      


        Creates a new empty model.



    


    
      
        num_clients(model)

      


        Returns the number of clients in the model.



    


    
      
        num_depots(model)

      


        Returns the number of depots in the model.



    


    
      
        num_locations(model)

      


        Returns the total number of locations (depots + clients) in the model.



    


    
      
        num_vehicle_types(model)

      


        Returns the number of vehicle types in the model.



    


    
      
        num_vehicles(model)

      


        Returns the total number of vehicles in the model.



    


    
      
        set_distance_matrices(model, matrices)

      


        Sets custom distance matrices.



    


    
      
        set_duration_matrices(model, matrices)

      


        Sets custom duration matrices.



    


    
      
        to_problem_data(model)

      


        Converts the model to ProblemData for the solver.



    


    
      
        validate(model)

      


        Validates the model and returns any errors.
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          @type t() :: %ExVrp.Model{
  client_groups: [ExVrp.ClientGroup.t()],
  clients: [ExVrp.Client.t()],
  depots: [ExVrp.Depot.t()],
  distance_matrices: [[[non_neg_integer()]]],
  duration_matrices: [[[non_neg_integer()]]],
  same_vehicle_groups: [ExVrp.SameVehicleGroup.t()],
  vehicle_types: [ExVrp.VehicleType.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_client(model, opts)



        
          
        

    

  


  

      

          @spec add_client(
  t(),
  keyword()
) :: t()


      


Adds a client to the model.
See ExVrp.Client.new/1 for available options.
Options
	:group - Group index from add_client_group/2 (optional)
	See ExVrp.Client.new/1 for other options

Example
model
|> ExVrp.Model.add_client(x: 1, y: 2, delivery: [10])

# With group assignment
{model, group} = Model.add_client_group(model, required: false)
model = Model.add_client(model, x: 1, y: 1, group: group)
Raises
	ArgumentError if group index is invalid
	ArgumentError if required client is added to mutually exclusive group


  



    

  
    
      
    
    
      add_client_group(model, opts \\ [])



        
          
        

    

  


  

      

          @spec add_client_group(
  t(),
  keyword()
) :: {t(), non_neg_integer()}


      


Adds a new client group to the model.
Returns {model, group_index} where group_index can be passed to
add_client/2 to dynamically add clients to the group.
Options
	:required - Whether at least one client must be visited (default: true)
	:mutually_exclusive - Whether only one client can be visited (default: not required)
	:name - Group name for identification (default: "")

Example
{model, group} = Model.add_client_group(model, required: false)
model = Model.add_client(model, x: 1, y: 1, group: group)
model = Model.add_client(model, x: 2, y: 2, group: group)

  



  
    
      
    
    
      add_depot(model, opts)



        
          
        

    

  


  

      

          @spec add_depot(
  t(),
  keyword()
) :: t()


      


Adds a depot to the model.
See ExVrp.Depot.new/1 for available options.
Note: When adding a depot after clients have been added, all client
group indices are recalculated to account for the new depot shifting
client indices.
Example
model
|> ExVrp.Model.add_depot(x: 0, y: 0)

  



    

  
    
      
    
    
      add_same_vehicle_group(model, clients, opts \\ [])



        
          
        

    

  


  

      

          @spec add_same_vehicle_group(t(), [ExVrp.Client.t()], keyword()) :: t()


      


Adds a same-vehicle constraint group to the model.
All clients in this group that are visited must be served by the same
vehicle. It is allowed to visit only a subset of the group (or none at
all), but any visited clients must share a route.
Parameters
	model - The model to add the group to
	clients - List of Client structs that must be served by the same vehicle

Options
	:name - Free-form name for the group (default: "")

Returns
The updated model with the new same-vehicle group added.
Example
model =
  Model.new()
  |> Model.add_depot(x: 0, y: 0)
  |> Model.add_client(x: 1, y: 1)
  |> Model.add_client(x: 2, y: 2)
  |> Model.add_vehicle_type(num_available: 2, capacity: [100], time_windows: [{0, 28_800}])

[c1, c2] = model.clients
model = Model.add_same_vehicle_group(model, [c1, c2], name: "group1")
Raises
	ArgumentError if any client is not in the model


  



  
    
      
    
    
      add_vehicle_type(model, opts)



        
          
        

    

  


  

      

          @spec add_vehicle_type(
  t(),
  keyword()
) :: t()


      


Adds a vehicle type to the model.
See ExVrp.VehicleType.new/1 for available options.
Example
model
|> ExVrp.Model.add_vehicle_type(num_available: 3, capacity: [100], time_windows: [{0, 28_800}])
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          @spec new() :: t()


      


Creates a new empty model.

  



  
    
      
    
    
      num_clients(model)



        
          
        

    

  


  

      

          @spec num_clients(t()) :: non_neg_integer()


      


Returns the number of clients in the model.

  



  
    
      
    
    
      num_depots(model)



        
          
        

    

  


  

      

          @spec num_depots(t()) :: non_neg_integer()


      


Returns the number of depots in the model.

  



  
    
      
    
    
      num_locations(model)



        
          
        

    

  


  

      

          @spec num_locations(t()) :: non_neg_integer()


      


Returns the total number of locations (depots + clients) in the model.

  



  
    
      
    
    
      num_vehicle_types(model)



        
          
        

    

  


  

      

          @spec num_vehicle_types(t()) :: non_neg_integer()


      


Returns the number of vehicle types in the model.

  



  
    
      
    
    
      num_vehicles(model)



        
          
        

    

  


  

      

          @spec num_vehicles(t()) :: non_neg_integer()


      


Returns the total number of vehicles in the model.

  



  
    
      
    
    
      set_distance_matrices(model, matrices)



        
          
        

    

  


  

      

          @spec set_distance_matrices(t(), [[[non_neg_integer()]]]) :: t()


      


Sets custom distance matrices.
If not provided, Euclidean distances are computed from coordinates.
Example
model
|> ExVrp.Model.set_distance_matrices([matrix1, matrix2])

  



  
    
      
    
    
      set_duration_matrices(model, matrices)



        
          
        

    

  


  

      

          @spec set_duration_matrices(t(), [[[non_neg_integer()]]]) :: t()


      


Sets custom duration matrices.
If not provided, distances are used as durations.
Example
model
|> ExVrp.Model.set_duration_matrices([matrix1, matrix2])

  



  
    
      
    
    
      to_problem_data(model)



        
          
        

    

  


  

      

          @spec to_problem_data(t()) :: {:ok, reference()} | {:error, term()}


      


Converts the model to ProblemData for the solver.
This is called internally by ExVrp.solve/2.
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          @spec validate(t()) :: :ok | {:error, [String.t()]}


      


Validates the model and returns any errors.
Returns :ok if valid, {:error, reasons} otherwise.

  


        

      


  

    
ExVrp.SameVehicleGroup 
    



      
A group of clients that must be served by the same vehicle.
If multiple clients from the group are visited, they must all be on the
same route. It is allowed to visit only a subset of the group (or none
at all), but any visited clients must share a vehicle.
PyVRP Parity
This module mirrors PyVRP's SameVehicleGroup class.
Example
model =
  ExVrp.Model.new()
  |> ExVrp.Model.add_depot(x: 0, y: 0)
  |> ExVrp.Model.add_client(x: 1, y: 1)
  |> ExVrp.Model.add_client(x: 2, y: 2)
  |> ExVrp.Model.add_client(x: 3, y: 3)
  |> ExVrp.Model.add_vehicle_type(num_available: 2, capacity: [100], time_windows: [{0, 28_800}])

# Get client references
[c1, c2, c3] = model.clients

# Clients c1 and c2 must be on the same vehicle if visited
model = ExVrp.Model.add_same_vehicle_group(model, [c1, c2], name: "group1")
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        add_client(group, client_idx)

      


        Adds a client to the group.



    


    
      
        clear(group)

      


        Clears all clients from the group.



    


    
      
        empty?(same_vehicle_group)

      


        Returns true if the group has no clients.



    


    
      
        new(opts \\ [])

      


        Creates a new same-vehicle group.



    


    
      
        size(same_vehicle_group)

      


        Returns the number of clients in the group.
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          @type t() :: %ExVrp.SameVehicleGroup{clients: [non_neg_integer()], name: String.t()}
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      add_client(group, client_idx)



        
          
        

    

  


  

      

          @spec add_client(t(), non_neg_integer()) :: t()


      


Adds a client to the group.
Raises ArgumentError if the client is already in the group.

  



  
    
      
    
    
      clear(group)



        
          
        

    

  


  

      

          @spec clear(t()) :: t()


      


Clears all clients from the group.

  



  
    
      
    
    
      empty?(same_vehicle_group)



        
          
        

    

  


  

      

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


      


Returns true if the group has no clients.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Creates a new same-vehicle group.
Options
	:clients - List of client indices (default: [])
	:name - Free-form name for the group (default: "")


  



  
    
      
    
    
      size(same_vehicle_group)



        
          
        

    

  


  

      

          @spec size(t()) :: non_neg_integer()


      


Returns the number of clients in the group.

  


        

      


  

    
ExVrp.VehicleType 
    



      
Represents a vehicle type in a VRP.
Vehicle types define the characteristics of vehicles in the fleet,
including capacity, costs, time windows, and depot assignments.
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    Functions
  


    
      
        new(opts)

      


        Creates a new vehicle type.
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.VehicleType{
  capacity: [non_neg_integer()],
  end_depot: non_neg_integer(),
  fixed_cost: non_neg_integer(),
  forbidden_windows: [{non_neg_integer(), non_neg_integer()}],
  initial_load: [non_neg_integer()],
  max_distance: non_neg_integer() | :infinity,
  max_overtime: non_neg_integer(),
  max_reloads: non_neg_integer() | :infinity,
  name: String.t(),
  num_available: pos_integer(),
  profile: non_neg_integer(),
  reload_depots: [non_neg_integer()],
  shift_duration: non_neg_integer() | :infinity,
  start_depot: non_neg_integer(),
  start_late: non_neg_integer(),
  tw_early: non_neg_integer(),
  tw_late: non_neg_integer() | :infinity,
  unit_distance_cost: non_neg_integer(),
  unit_duration_cost: non_neg_integer(),
  unit_overtime_cost: non_neg_integer()
}
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          @spec new(keyword()) :: t()


      


Creates a new vehicle type.
Required Options
	:num_available - Number of vehicles of this type available
	:capacity - List of capacity values per dimension

Optional Options
	:time_windows - List of {start, end} tuples representing operating windows
(default: [{0, :infinity}]). Overlapping/adjacent windows are merged automatically.
Example: [{0, 500}, {600, 1000}] becomes tw_early: 0, tw_late: 1000, forbidden_windows: [{500, 600}].
	:start_depot - Index of starting depot (default: 0)
	:end_depot - Index of ending depot (default: 0)
	:fixed_cost - Fixed cost for using this vehicle (default: 0)
	:shift_duration - Maximum shift duration (default: :infinity)
	:max_distance - Maximum distance allowed (default: :infinity)
	:unit_distance_cost - Cost per unit distance (default: 1)
	:unit_duration_cost - Cost per unit time (default: 0)
	:profile - Index of distance/duration matrix to use (default: 0)
	:start_late - Latest allowed start time (default: 0)
	:max_overtime - Maximum overtime allowed (default: 0)
	:unit_overtime_cost - Cost per unit of overtime (default: 0)
	:reload_depots - List of depot indices where vehicle can reload (default: [])
	:max_reloads - Maximum number of reloads per route (default: :infinity)
	:initial_load - Initial load per dimension (default: [])
	:name - Vehicle type name (default: "")

Raises
	ArgumentError if :time_windows contains invalid tuples (start >= end or negative start)
	ArgumentError if :time_windows is an empty list
	ArgumentError if legacy options :tw_early, :tw_late, or :forbidden_windows are passed

Examples
iex> ExVrp.VehicleType.new(num_available: 3, capacity: [100, 50], time_windows: [{0, 28_800}])
%ExVrp.VehicleType{num_available: 3, capacity: [100, 50], tw_early: 0, tw_late: 28_800, ...}

  


        

      


  

    
ExVrp.IteratedLocalSearch 
    



      
Iterated Local Search with Late Acceptance Hill-Climbing.
This is a direct port of PyVRP's IteratedLocalSearch. The algorithm:
	Starts with an initial solution
	Each iteration: applies local search to generate a candidate
	Accepts the candidate using Late Acceptance Hill-Climbing (LAHC)
	Restarts from best solution after N iterations without improvement
	Continues until stopping criterion is met

Late Acceptance Hill-Climbing (Burke & Bykov, 2017) accepts moves based on
comparison with historical solutions, not just the current solution. This
allows temporary worsening moves to escape local optima.
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        run(problem_data, penalty_manager, local_search, initial_solution, stop_fn, params \\ %Params{}, opts \\ [])

      


        Runs the Iterated Local Search algorithm.
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          @type stop_fn() :: (non_neg_integer() -> boolean())
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      run(problem_data, penalty_manager, local_search, initial_solution, stop_fn, params \\ %Params{}, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  reference(),
  ExVrp.PenaltyManager.t(),
  reference(),
  reference(),
  stop_fn(),
  ExVrp.IteratedLocalSearch.Params.t(),
  keyword()
) :: ExVrp.IteratedLocalSearch.Result.t()


      


Runs the Iterated Local Search algorithm.
Parameters
	problem_data - Reference to the problem data
	penalty_manager - PenaltyManager for dynamic penalty adjustment
	local_search - Persistent LocalSearch resource from Native.create_local_search/1
	initial_solution - Starting solution reference
	stop_fn - Function that takes best_cost and returns true to stop
	params - ILS parameters (optional)

Returns
A Result struct containing the best solution found and statistics.

  


        

      


  

    
ExVrp.IteratedLocalSearch.Params 
    



      
Parameters for Iterated Local Search.
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          @type t() :: %ExVrp.IteratedLocalSearch.Params{
  history_size: pos_integer(),
  max_no_improvement: pos_integer()
}


      



  


        

      


  

    
ExVrp.PenaltyManager 
    



      
Manages and dynamically adjusts penalty weights for constraint violations.
This is a direct port of PyVRP's PenaltyManager. It tracks the feasibility
of registered solutions and adjusts penalties to target a specific feasibility
rate (default 65%). This balances exploration between feasible and infeasible
solution space.
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    Functions
  


    
      
        cost_evaluator(pm)

      


        Creates a CostEvaluator using the current penalty values.



    


    
      
        init_from(problem_data, params \\ %Params{})

      


        Creates a PenaltyManager with initial penalties computed from problem data.



    


    
      
        max_cost_evaluator(pm)

      


        Creates a CostEvaluator using maximum penalty values.
Used for final solution evaluation.



    


    
      
        new(load_penalties, tw_penalty, dist_penalty, params \\ %Params{})

      


        Creates a new PenaltyManager with explicit initial penalties.



    


    
      
        penalties(pm)

      


        Returns the current penalties as a tuple.



    


    
      
        register(pm, solution_ref)

      


        Registers a solution and updates penalties if needed.
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          @type t() :: %ExVrp.PenaltyManager{
  dist_feas: [boolean()],
  dist_penalty: float(),
  load_feas: [[boolean()]],
  load_penalties: [float()],
  params: ExVrp.PenaltyManager.Params.t(),
  tw_feas: [boolean()],
  tw_penalty: float()
}
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          @spec cost_evaluator(t()) :: {:ok, reference()} | {:error, term()}


      


Creates a CostEvaluator using the current penalty values.

  



    

  
    
      
    
    
      init_from(problem_data, params \\ %Params{})



        
          
        

    

  


  

      

          @spec init_from(reference(), ExVrp.PenaltyManager.Params.t()) :: t()


      


Creates a PenaltyManager with initial penalties computed from problem data.
This mirrors PyVRP's PenaltyManager.init_from() - it computes reasonable
initial penalty values based on the problem's cost structure.
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          @spec max_cost_evaluator(t()) :: {:ok, reference()} | {:error, term()}


      


Creates a CostEvaluator using maximum penalty values.
Used for final solution evaluation.
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          @spec new([float()], float(), float(), ExVrp.PenaltyManager.Params.t()) :: t()


      


Creates a new PenaltyManager with explicit initial penalties.
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          @spec penalties(t()) :: {[float()], float(), float()}


      


Returns the current penalties as a tuple.
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          @spec register(t(), reference()) :: t()


      


Registers a solution and updates penalties if needed.
Tracks the feasibility of the solution across load, time window, and distance
dimensions. After solutions_between_updates registrations, penalties are
adjusted to target the configured feasibility rate.

  


        

      


  

    
ExVrp.PenaltyManager.Params 
    



      
Parameters for penalty management.
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          @type t() :: %ExVrp.PenaltyManager.Params{
  feas_tolerance: float(),
  max_penalty: float(),
  min_penalty: float(),
  penalty_decrease: float(),
  penalty_increase: float(),
  solutions_between_updates: pos_integer(),
  target_feasible: float()
}


      



  


        

      


  

    
ExVrp.Solver 
    



      
Main solver interface for VRP problems.
This module provides the solve/2 function which is a direct port of PyVRP's
solve() function. It sets up the solver components and runs Iterated Local
Search with Late Acceptance Hill-Climbing.
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        solve(model, opts \\ [])

      


        Solves a VRP model using Iterated Local Search.



    





      


      
        Types


        


  
    
      
    
    
      solve_opts()



        
          
        

    

  


  

      

          @type solve_opts() :: [
  max_iterations: pos_integer(),
  max_runtime: pos_integer(),
  stop: ExVrp.StoppingCriteria.t(),
  seed: non_neg_integer(),
  num_starts: pos_integer() | :auto,
  penalty_params: ExVrp.PenaltyManager.Params.t(),
  ils_params: ExVrp.IteratedLocalSearch.Params.t(),
  on_progress: (map() -> any()) | nil
]


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      solve(model, opts \\ [])



        
          
        

    

  


  

      

          @spec solve(ExVrp.Model.t(), solve_opts()) ::
  {:ok, ExVrp.IteratedLocalSearch.Result.t()} | {:error, term()}


      


Solves a VRP model using Iterated Local Search.
This is a port of PyVRP's solve() function. It:
	Creates the problem data from the model
	Initializes the PenaltyManager for dynamic penalty adjustment
	Creates an initial solution using local search on empty solution
	Runs Iterated Local Search until stopping criterion is met

Options
	:max_iterations - Maximum number of iterations (default: 10_000)
	:max_runtime - Maximum runtime in seconds (default: unlimited). Matches PyVRP.
	:stop - Custom StoppingCriteria (overrides max_iterations/max_runtime)
	:seed - Random seed for reproducibility (default: random)
	:num_starts - Number of parallel independent solver starts (default: :auto).
Each start uses a different seed and runs its own ILS chain.
The best result across all starts is returned.
Use :auto to pick based on available cores (div(schedulers_online, 2)).
	:penalty_params - PenaltyManager.Params for penalty adjustment
	:ils_params - IteratedLocalSearch.Params for ILS behavior
	:on_progress - Optional callback function receiving progress maps during ILS iterations (time-gated at ~1s intervals). When num_starts > 1, progress maps include :seed_idx and :seed fields.

Returns
	{:ok, result} - Successfully found a solution. Result has:	result.best - Best Solution found
	result.cost() - Cost of best solution (infinity if infeasible)
	result.feasible?() - Whether solution is feasible
	result.num_iterations - Total iterations
	result.runtime - Runtime in milliseconds


	{:error, reason} - Failed to solve

Example
model = Model.new()
|> Model.add_depot(x: 0, y: 0)
|> Model.add_vehicle_type(num_available: 2, capacity: [100], time_windows: [{0, 28_800}])
|> Model.add_client(x: 10, y: 0, delivery: [20])

{:ok, result} = Solver.solve(model, max_iterations: 1000)
IO.puts("Best distance: #{result.best.distance}")

# With time limit (seconds, like PyVRP)
{:ok, result} = Solver.solve(model, max_runtime: 60.0)

  


        

      


  

    
ExVrp.StoppingCriteria 
    



      
Stopping criteria for controlling when the solver terminates.
This is a port of PyVRP's stopping criteria. In PyVRP, criteria are called
with stop(best_cost) and return a boolean. We provide both the struct-based
API and a to_stop_fn/1 that creates a closure matching PyVRP's interface.
Available Criteria
	max_iterations/1 - Stop after N iterations
	max_runtime/1 - Stop after N seconds (float, like PyVRP)
	no_improvement/1 - Stop after N iterations without improvement
	first_feasible/0 - Stop when a feasible solution is found
	multiple_criteria/1 - Combine criteria (stops when ANY is met)

Example
# Stop after 1000 iterations OR 60 seconds
stop = StoppingCriteria.multiple_criteria([
  StoppingCriteria.max_iterations(1000),
  StoppingCriteria.max_runtime(60.0)
])

{:ok, result} = Solver.solve(model, stop: stop)

      


      
        Summary


  
    Types
  


    
      
        stop_fn()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        all(criteria)

      


        Creates a combined criterion that stops when ALL of the sub-criteria are met.



    


    
      
        any(criteria)

      


        Alias for multiple_criteria/1 for convenience.



    


    
      
        first_feasible()

      


        Creates a criterion that stops when a feasible solution is found.



    


    
      
        first_feasible_or(other_criteria)

      


        Creates a combined criterion that stops when EITHER a feasible solution
is found OR the other criterion is met.



    


    
      
        max_iterations(max)

      


        Creates a criterion that stops after a maximum number of iterations.



    


    
      
        max_runtime(max_seconds)

      


        Creates a criterion that stops after a maximum runtime in seconds.



    


    
      
        multiple_criteria(criteria)

      


        Creates a combined criterion that stops when ANY of the sub-criteria are met.



    


    
      
        no_improvement(max_no_improvement)

      


        Creates a criterion that stops after N iterations without improvement.



    


    
      
        should_stop?(criteria, context)

      


        Checks if the stopping criterion has been met.



    


    
      
        to_stop_fn(criteria)

      


        Converts a StoppingCriteria struct to a stop function matching PyVRP's interface.



    





      


      
        Types


        


  
    
      
    
    
      stop_fn()



        
          
        

    

  


  

      

          @type stop_fn() :: (non_neg_integer() -> boolean())


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.StoppingCriteria{
  state: map(),
  type:
    :max_iterations
    | :max_runtime
    | :no_improvement
    | :multiple_criteria
    | :first_feasible
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all(criteria)



        
          
        

    

  


  

      

          @spec all([t()]) :: t()


      


Creates a combined criterion that stops when ALL of the sub-criteria are met.
Note: PyVRP's MultipleCriteria uses OR logic (any). This is an extension
that uses AND logic (all must be met).

  



  
    
      
    
    
      any(criteria)



        
          
        

    

  


  

      

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


      


Alias for multiple_criteria/1 for convenience.

  



  
    
      
    
    
      first_feasible()



        
          
        

    

  


  

      

          @spec first_feasible() :: t()


      


Creates a criterion that stops when a feasible solution is found.
This matches PyVRP's FirstFeasible class.
Example
StoppingCriteria.first_feasible()

  



  
    
      
    
    
      first_feasible_or(other_criteria)



        
          
        

    

  


  

      

          @spec first_feasible_or(t()) :: t()


      


Creates a combined criterion that stops when EITHER a feasible solution
is found OR the other criterion is met.
This is useful for fleet minimisation where we want to stop early if we
find a feasible solution, but also respect an overall stopping criterion.
Example
# Stop when feasible or after 1000 iterations, whichever comes first
stop = StoppingCriteria.first_feasible_or(StoppingCriteria.max_iterations(1000))

  



  
    
      
    
    
      max_iterations(max)



        
          
        

    

  


  

      

          @spec max_iterations(non_neg_integer()) :: t()


      


Creates a criterion that stops after a maximum number of iterations.
Raises ArgumentError if max_iterations is negative.
Example
StoppingCriteria.max_iterations(1000)

  



  
    
      
    
    
      max_runtime(max_seconds)



        
          
        

    

  


  

      

          @spec max_runtime(number()) :: t()


      


Creates a criterion that stops after a maximum runtime in seconds.
This matches PyVRP's MaxRuntime which takes seconds as a float.
Raises ArgumentError if max_runtime is negative.
Example
StoppingCriteria.max_runtime(60.0)  # 60 seconds

  



  
    
      
    
    
      multiple_criteria(criteria)



        
          
        

    

  


  

      

          @spec multiple_criteria([t()]) :: t()


      


Creates a combined criterion that stops when ANY of the sub-criteria are met.
This matches PyVRP's MultipleCriteria class.
Raises ArgumentError if the criteria list is empty.
Example
StoppingCriteria.multiple_criteria([
  StoppingCriteria.max_iterations(1000),
  StoppingCriteria.max_runtime(60.0)
])

  



  
    
      
    
    
      no_improvement(max_no_improvement)



        
          
        

    

  


  

      

          @spec no_improvement(non_neg_integer()) :: t()


      


Creates a criterion that stops after N iterations without improvement.
The counter resets whenever an improving solution is found, matching
PyVRP's NoImprovement behavior.
Raises ArgumentError if max_iterations is negative.
Example
StoppingCriteria.no_improvement(100)  # Stop after 100 iterations without improvement

  



  
    
      
    
    
      should_stop?(criteria, context)



        
          
        

    

  


  

      

          @spec should_stop?(t(), map()) :: {boolean(), t()}


      


Checks if the stopping criterion has been met.
Returns {should_stop?, updated_criteria} where the updated criteria
tracks any state changes (like iteration counts).

  



  
    
      
    
    
      to_stop_fn(criteria)



        
          
        

    

  


  

      

          @spec to_stop_fn(t()) :: stop_fn()


      


Converts a StoppingCriteria struct to a stop function matching PyVRP's interface.
The returned function takes best_cost and returns true to stop.
Uses an Agent to maintain state across calls.
Example
criteria = StoppingCriteria.max_iterations(100)
stop_fn = StoppingCriteria.to_stop_fn(criteria)
stop_fn.(1000)  # => false (first call)
# ... after 100 calls ...
stop_fn.(1000)  # => true

  


        

      


  

    
ExVrp.IteratedLocalSearch.Result 
    



      
Result of running ILS.
This matches PyVRP's Result class interface:
	cost/1 - Returns the cost of the best solution (infinity if infeasible)
	feasible?/1 - Returns whether the best solution is feasible
	best - The best Solution found
	stats - Statistics from the search
	num_iterations - Total iterations performed
	runtime - Runtime in milliseconds


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        cost(result)

      


        Returns the cost of the best solution.



    


    
      
        feasible?(result)

      


        Returns whether the best solution is feasible.



    


    
      
        summary(result)

      


        Returns a summary string of the result.
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.IteratedLocalSearch.Result{
  best: ExVrp.Solution.t(),
  num_iterations: non_neg_integer(),
  runtime: non_neg_integer(),
  stats: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      cost(result)



        
          
        

    

  


  

      

          @spec cost(t()) :: non_neg_integer() | :infinity


      


Returns the cost of the best solution.
Returns :infinity if the solution is infeasible, matching PyVRP's behavior.

  



  
    
      
    
    
      feasible?(result)



        
          
        

    

  


  

      

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


      


Returns whether the best solution is feasible.

  



  
    
      
    
    
      summary(result)



        
          
        

    

  


  

      

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


      


Returns a summary string of the result.

  


        

      


  

    
ExVrp.Route 
    



      
Represents a single route in a VRP solution.
A route is a sequence of client visits performed by one vehicle,
starting and ending at designated depots.
PyVRP Parity
This module provides the same interface as PyVRP's Route class.
Methods like distance/1, duration/1, etc. require the route
to have a solution_ref and route_idx set. Use Solution.route/2
or Solution.routes/1 to get Route structs with proper context.
Example
{:ok, result} = Solver.solve(model)
[route | _] = Solution.routes(result.best)

# Now you can call route methods
Route.distance(route)
Route.feasible?(route)
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        t()

      


    





  
    Functions
  


    
      
        centroid(route)

      


        Returns the centroid of this route as {x, y}.



    


    
      
        delivery(route)

      


        Returns the total delivery load of this route per dimension.



    


    
      
        distance(route)

      


        Returns the distance of this route.



    


    
      
        distance_cost(route)

      


        Returns the distance cost of this route.



    


    
      
        duration(route)

      


        Returns the duration of this route.



    


    
      
        duration_cost(route)

      


        Returns the duration cost of this route.



    


    
      
        end_depot(route)

      


        Returns the end depot of this route.



    


    
      
        end_time(route)

      


        Returns the end time of this route.



    


    
      
        excess_distance(route)

      


        Returns the excess distance of this route.



    


    
      
        excess_load(route)

      


        Returns the excess load of this route per dimension.



    


    
      
        feasible?(route)

      


        Checks if this route is feasible.



    


    
      
        has_excess_distance?(route)

      


        Checks if this route has excess distance.



    


    
      
        has_excess_load?(route)

      


        Checks if this route has excess load in any dimension.



    


    
      
        has_time_warp?(route)

      


        Checks if this route has time warp.



    


    
      
        num_clients(route)

      


        Returns the number of clients visited in this route.



    


    
      
        num_trips(route)

      


        Returns the number of trips in this route.



    


    
      
        overtime(route)

      


        Returns the overtime of this route.



    


    
      
        pickup(route)

      


        Returns the total pickup load of this route per dimension.



    


    
      
        prizes(route)

      


        Returns the prizes collected on this route.



    


    
      
        schedule(route)

      


        Returns the schedule of this route as a list of ScheduledVisit tuples.



    


    
      
        service_duration(route)

      


        Returns the service duration of this route.



    


    
      
        slack(route)

      


        Returns the slack time of this route.



    


    
      
        start_depot(route)

      


        Returns the start depot of this route.



    


    
      
        start_time(route)

      


        Returns the start time of this route.



    


    
      
        time_warp(route)

      


        Returns the time warp of this route.



    


    
      
        travel_duration(route)

      


        Returns the travel duration of this route.



    


    
      
        vehicle_type(route)

      


        Returns the vehicle type of this route.



    


    
      
        visits(route)

      


        Returns the visits (client indices) of this route.



    


    
      
        wait_duration(route)

      


        Returns the wait duration of this route.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.Route{
  end_depot: non_neg_integer(),
  route_idx: non_neg_integer() | nil,
  solution_ref: reference() | nil,
  start_depot: non_neg_integer(),
  trips: [ExVrp.Trip.t()],
  vehicle_type: non_neg_integer(),
  visits: [non_neg_integer()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      centroid(route)



        
          
        

    

  


  

      

          @spec centroid(t()) :: {float(), float()}


      


Returns the centroid of this route as {x, y}.

  



  
    
      
    
    
      delivery(route)



        
          
        

    

  


  

      

          @spec delivery(t()) :: [non_neg_integer()]


      


Returns the total delivery load of this route per dimension.

  



  
    
      
    
    
      distance(route)



        
          
        

    

  


  

      

          @spec distance(t()) :: non_neg_integer()


      


Returns the distance of this route.

  



  
    
      
    
    
      distance_cost(route)



        
          
        

    

  


  

      

          @spec distance_cost(t()) :: non_neg_integer()


      


Returns the distance cost of this route.

  



  
    
      
    
    
      duration(route)



        
          
        

    

  


  

      

          @spec duration(t()) :: non_neg_integer()


      


Returns the duration of this route.

  



  
    
      
    
    
      duration_cost(route)



        
          
        

    

  


  

      

          @spec duration_cost(t()) :: non_neg_integer()


      


Returns the duration cost of this route.

  



  
    
      
    
    
      end_depot(route)



        
          
        

    

  


  

      

          @spec end_depot(t()) :: non_neg_integer()


      


Returns the end depot of this route.

  



  
    
      
    
    
      end_time(route)



        
          
        

    

  


  

      

          @spec end_time(t()) :: non_neg_integer()


      


Returns the end time of this route.

  



  
    
      
    
    
      excess_distance(route)



        
          
        

    

  


  

      

          @spec excess_distance(t()) :: non_neg_integer()


      


Returns the excess distance of this route.

  



  
    
      
    
    
      excess_load(route)



        
          
        

    

  


  

      

          @spec excess_load(t()) :: [non_neg_integer()]


      


Returns the excess load of this route per dimension.

  



  
    
      
    
    
      feasible?(route)



        
          
        

    

  


  

      

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


      


Checks if this route is feasible.

  



  
    
      
    
    
      has_excess_distance?(route)



        
          
        

    

  


  

      

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


      


Checks if this route has excess distance.

  



  
    
      
    
    
      has_excess_load?(route)



        
          
        

    

  


  

      

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


      


Checks if this route has excess load in any dimension.

  



  
    
      
    
    
      has_time_warp?(route)



        
          
        

    

  


  

      

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


      


Checks if this route has time warp.

  



  
    
      
    
    
      num_clients(route)



        
          
        

    

  


  

      

          @spec num_clients(t()) :: non_neg_integer()


      


Returns the number of clients visited in this route.
This uses the local visits field and doesn't require a solution reference.

  



  
    
      
    
    
      num_trips(route)



        
          
        

    

  


  

      

          @spec num_trips(t()) :: non_neg_integer()


      


Returns the number of trips in this route.

  



  
    
      
    
    
      overtime(route)



        
          
        

    

  


  

      

          @spec overtime(t()) :: non_neg_integer()


      


Returns the overtime of this route.

  



  
    
      
    
    
      pickup(route)



        
          
        

    

  


  

      

          @spec pickup(t()) :: [non_neg_integer()]


      


Returns the total pickup load of this route per dimension.

  



  
    
      
    
    
      prizes(route)



        
          
        

    

  


  

      

          @spec prizes(t()) :: non_neg_integer()


      


Returns the prizes collected on this route.

  



  
    
      
    
    
      schedule(route)



        
          
        

    

  


  

      

          @spec schedule(t()) :: [
  {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer(),
   non_neg_integer(), non_neg_integer()}
]


      


Returns the schedule of this route as a list of ScheduledVisit tuples.
Each tuple contains: {location, trip, start_service, end_service, wait_duration, time_warp}

  



  
    
      
    
    
      service_duration(route)



        
          
        

    

  


  

      

          @spec service_duration(t()) :: non_neg_integer()


      


Returns the service duration of this route.

  



  
    
      
    
    
      slack(route)



        
          
        

    

  


  

      

          @spec slack(t()) :: non_neg_integer()


      


Returns the slack time of this route.

  



  
    
      
    
    
      start_depot(route)



        
          
        

    

  


  

      

          @spec start_depot(t()) :: non_neg_integer()


      


Returns the start depot of this route.

  



  
    
      
    
    
      start_time(route)



        
          
        

    

  


  

      

          @spec start_time(t()) :: non_neg_integer()


      


Returns the start time of this route.

  



  
    
      
    
    
      time_warp(route)



        
          
        

    

  


  

      

          @spec time_warp(t()) :: non_neg_integer()


      


Returns the time warp of this route.

  



  
    
      
    
    
      travel_duration(route)



        
          
        

    

  


  

      

          @spec travel_duration(t()) :: non_neg_integer()


      


Returns the travel duration of this route.

  



  
    
      
    
    
      vehicle_type(route)



        
          
        

    

  


  

      

          @spec vehicle_type(t()) :: non_neg_integer()


      


Returns the vehicle type of this route.

  



  
    
      
    
    
      visits(route)



        
          
        

    

  


  

      

          @spec visits(t()) :: [non_neg_integer()]


      


Returns the visits (client indices) of this route.

  



  
    
      
    
    
      wait_duration(route)



        
          
        

    

  


  

      

          @spec wait_duration(t()) :: non_neg_integer()


      


Returns the wait duration of this route.

  


        

      


  

    
ExVrp.ScheduledVisit 
    



      
Represents a scheduled visit in a route.
A ScheduledVisit contains timing information about when a location is visited,
including service start/end times, waiting time, and any time warp (lateness).
Fields
	location - The location index (depot or client) in ProblemData
	trip - The trip index within the route (for multi-trip routes)
	start_service - Time when service begins at this location
	end_service - Time when service ends at this location
	wait_duration - Time spent waiting before service can begin
	time_warp - Amount of "time travel" needed (indicates infeasibility if > 0)

Computed Properties
	service_duration - Duration of service (end_service - start_service)

Example
# Get schedule for route 0
schedule = Solution.route_schedule(solution, 0)

# Iterate through visits
Enum.each(schedule, fn visit ->
  IO.puts("Location #{visit.location}: service #{visit.start_service}-#{visit.end_service}")
  if visit.time_warp > 0 do
    IO.puts("  WARNING: #{visit.time_warp} time warp (late arrival)")
  end
end)
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        t()

      


    





  
    Functions
  


    
      
        from_tuple(arg)

      


        Creates a ScheduledVisit from a tuple returned by the NIF.



    


    
      
        has_time_warp?(scheduled_visit)

      


        Returns true if this visit has time warp (late arrival).



    


    
      
        has_wait?(scheduled_visit)

      


        Returns true if the vehicle had to wait at this location.



    


    
      
        service_duration(scheduled_visit)

      


        Returns the service duration (end_service - start_service).
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      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.ScheduledVisit{
  end_service: non_neg_integer(),
  location: non_neg_integer(),
  start_service: non_neg_integer(),
  time_warp: non_neg_integer(),
  trip: non_neg_integer(),
  wait_duration: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_tuple(arg)



        
          
        

    

  


  

      

          @spec from_tuple(
  {non_neg_integer(), non_neg_integer(), non_neg_integer(), non_neg_integer(),
   non_neg_integer(), non_neg_integer()}
) :: t()


      


Creates a ScheduledVisit from a tuple returned by the NIF.
The tuple format is: {location, trip, start_service, end_service, wait_duration, time_warp}

  



  
    
      
    
    
      has_time_warp?(scheduled_visit)



        
          
        

    

  


  

      

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


      


Returns true if this visit has time warp (late arrival).
A visit with time warp indicates the vehicle arrived after the time window
closed, making the route infeasible.

  



  
    
      
    
    
      has_wait?(scheduled_visit)



        
          
        

    

  


  

      

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


      


Returns true if the vehicle had to wait at this location.

  



  
    
      
    
    
      service_duration(scheduled_visit)



        
          
        

    

  


  

      

          @spec service_duration(t()) :: non_neg_integer()


      


Returns the service duration (end_service - start_service).

  


        

      


  

    
ExVrp.Solution 
    



      
Represents a solution to a VRP.
A solution consists of routes (one per vehicle used) and provides
functions to query costs, distances, feasibility, and detailed schedules.
Accessing Solutions
Solutions are returned as result.best from the solver:
{:ok, result} = ExVrp.solve(model)
solution = result.best

solution.routes       #=> [[1, 3], [2]]
solution.distance     #=> 4521
solution.is_feasible  #=> true
solution.num_clients  #=> 3
Querying Routes
Use routes/1 to get ExVrp.Route structs with full query capabilities:
routes = ExVrp.Solution.routes(solution)

for route <- routes do
  IO.puts("Distance: #{ExVrp.Route.distance(route)}")
  IO.puts("Duration: #{ExVrp.Route.duration(route)}")
  IO.puts("Vehicle type: #{route.vehicle_type}")
end
Or query route properties directly by index:
ExVrp.Solution.route_distance(solution, 0)
ExVrp.Solution.route_delivery(solution, 0)
ExVrp.Solution.route_feasible?(solution, 0)
Schedules
Get detailed timing for each visit in a route:
schedule = ExVrp.Solution.route_schedule(solution, 0)

for visit <- schedule do
  IO.puts("Location #{visit.location}: #{visit.start_service}-#{visit.end_service}")
end
Constraint Violations
Check for specific constraint violations:
ExVrp.Solution.has_time_warp?(solution)
ExVrp.Solution.has_excess_load?(solution)
ExVrp.Solution.has_excess_distance?(solution)
ExVrp.Solution.time_warp(solution)        #=> total time warp
ExVrp.Solution.excess_load(solution)       #=> per-dimension excess
Unassigned Clients
For prize-collecting problems, check which clients were not visited:
ExVrp.Solution.unassigned(solution)  #=> [4, 7]
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    Functions
  


    
      
        complete?(solution)

      


        Checks if the solution is complete (visits all required clients).



    


    
      
        cost(solution)

      


        Returns the total cost of the solution.



    


    
      
        cost(solution, cost_evaluator)

      


    


    
      
        distance(solution)

      


        Returns the total distance of the solution.



    


    
      
        distance_cost(sol)

      


        Returns the total distance cost of the solution.



    


    
      
        duration(solution)

      


        Returns the total duration of the solution.



    


    
      
        duration_cost(sol)

      


        Returns the total duration cost of the solution.



    


    
      
        excess_distance(sol)

      


        Returns the total excess distance of the solution (sum across all routes).



    


    
      
        excess_load(sol)

      


        Returns the total excess load of the solution per dimension.



    


    
      
        feasible?(solution)

      


        Checks if the solution is feasible (satisfies all constraints).



    


    
      
        fixed_vehicle_cost(solution)

      


        Returns the total fixed vehicle cost of the solution.



    


    
      
        group_feasible?(solution)

      


        Checks if the solution is group feasible (same-vehicle constraints satisfied).



    


    
      
        has_excess_distance?(sol)

      


        Returns true if the solution has any excess distance.



    


    
      
        has_excess_load?(sol)

      


        Returns true if the solution has any excess load.



    


    
      
        has_time_warp?(sol)

      


        Returns true if the solution has any time warp.



    


    
      
        num_clients(solution)

      


        Returns the number of assigned clients in the solution.



    


    
      
        num_routes(solution)

      


        Returns the number of routes in the solution.



    


    
      
        overtime(sol)

      


        Returns the total overtime of the solution (sum across all routes).



    


    
      
        penalised_cost(solution, cost_evaluator)

      


        Returns the penalised cost of the solution given a cost evaluator.



    


    
      
        reload_cost(sol)

      


        Returns the total reload cost of the solution.



    


    
      
        route(solution, idx)

      


        Returns the route at the given index as a Route struct.



    


    
      
        route_centroid(solution, route_idx)

      


        Returns the centroid of a specific route as {x, y}.



    


    
      
        route_delivery(solution, route_idx)

      


        Returns the delivery load of a specific route in the solution.



    


    
      
        route_distance(solution, route_idx)

      


        Returns the distance of a specific route in the solution.



    


    
      
        route_distance_cost(solution, route_idx)

      


        Returns the distance cost of a specific route.



    


    
      
        route_duration(solution, route_idx)

      


        Returns the duration of a specific route in the solution.



    


    
      
        route_duration_cost(solution, route_idx)

      


        Returns the duration cost of a specific route.



    


    
      
        route_end_depot(solution, route_idx)

      


        Returns the end depot of a specific route.



    


    
      
        route_end_time(solution, route_idx)

      


        Returns the end time of a specific route.



    


    
      
        route_excess_distance(solution, route_idx)

      


        Returns the excess distance of a specific route.



    


    
      
        route_excess_load(solution, route_idx)

      


        Returns the excess load of a specific route (per dimension).



    


    
      
        route_feasible?(solution, route_idx)

      


        Checks if a specific route in the solution is feasible.



    


    
      
        route_has_excess_distance?(solution, route_idx)

      


        Checks if a specific route has excess distance.



    


    
      
        route_has_excess_load?(solution, route_idx)

      


        Checks if a specific route has excess load.



    


    
      
        route_has_time_warp?(solution, route_idx)

      


        Checks if a specific route has time warp.



    


    
      
        route_num_trips(solution, route_idx)

      


        Returns the number of trips in a specific route.



    


    
      
        route_overtime(solution, route_idx)

      


        Returns the overtime of a specific route.



    


    
      
        route_pickup(solution, route_idx)

      


        Returns the pickup load of a specific route in the solution.



    


    
      
        route_prizes(solution, route_idx)

      


        Returns the prizes collected on a specific route.



    


    
      
        route_reload_cost(solution, route_idx)

      


        Returns the reload cost of a specific route.



    


    
      
        route_schedule(solution, route_idx)

      


        Returns the schedule of a specific route.



    


    
      
        route_service_duration(solution, route_idx)

      


        Returns the service duration of a specific route.



    


    
      
        route_slack(solution, route_idx)

      


        Returns the slack time of a specific route.



    


    
      
        route_start_depot(solution, route_idx)

      


        Returns the start depot of a specific route.



    


    
      
        route_start_time(solution, route_idx)

      


        Returns the start time of a specific route.



    


    
      
        route_time_warp(solution, route_idx)

      


        Returns the time warp of a specific route.



    


    
      
        route_travel_duration(solution, route_idx)

      


        Returns the travel duration of a specific route.



    


    
      
        route_vehicle_type(solution, route_idx)

      


        Returns the vehicle type of a specific route.



    


    
      
        route_visits(solution, route_idx)

      


        Returns the visits (client indices) of a specific route.



    


    
      
        route_wait_duration(solution, route_idx)

      


        Returns the wait duration of a specific route.



    


    
      
        routes(solution)

      


        Returns all routes as Route structs.



    


    
      
        time_warp(sol)

      


        Returns the total time warp of the solution (sum across all routes).



    


    
      
        unassigned(solution)

      


        Returns a list of unassigned client indices.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExVrp.Solution{
  distance: non_neg_integer(),
  duration: non_neg_integer(),
  is_complete: boolean(),
  is_feasible: boolean(),
  num_clients: non_neg_integer(),
  problem_data: reference() | nil,
  routes: [[non_neg_integer()]],
  solution_ref: reference() | nil,
  stats: map() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      complete?(solution)



        
          
        

    

  


  

      

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


      


Checks if the solution is complete (visits all required clients).

  



  
    
      
    
    
      cost(solution)



        
          
        

    

  


  

      

          @spec cost(t()) :: non_neg_integer()


      


Returns the total cost of the solution.
When called with a cost evaluator, uses that evaluator.
When called without, uses the distance as the cost (default unit_distance_cost=1).

  



  
    
      
    
    
      cost(solution, cost_evaluator)



        
          
        

    

  


  

      

          @spec cost(t(), reference()) :: non_neg_integer() | :infinity


      



  



  
    
      
    
    
      distance(solution)



        
          
        

    

  


  

      

          @spec distance(t()) :: non_neg_integer()


      


Returns the total distance of the solution.

  



  
    
      
    
    
      distance_cost(sol)



        
          
        

    

  


  

      

          @spec distance_cost(t()) :: non_neg_integer()


      


Returns the total distance cost of the solution.

  



  
    
      
    
    
      duration(solution)



        
          
        

    

  


  

      

          @spec duration(t()) :: non_neg_integer()


      


Returns the total duration of the solution.

  



  
    
      
    
    
      duration_cost(sol)



        
          
        

    

  


  

      

          @spec duration_cost(t()) :: non_neg_integer()


      


Returns the total duration cost of the solution.

  



  
    
      
    
    
      excess_distance(sol)



        
          
        

    

  


  

      

          @spec excess_distance(t()) :: non_neg_integer()


      


Returns the total excess distance of the solution (sum across all routes).

  



  
    
      
    
    
      excess_load(sol)



        
          
        

    

  


  

      

          @spec excess_load(t()) :: [non_neg_integer()]


      


Returns the total excess load of the solution per dimension.

  



  
    
      
    
    
      feasible?(solution)



        
          
        

    

  


  

      

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


      


Checks if the solution is feasible (satisfies all constraints).

  



  
    
      
    
    
      fixed_vehicle_cost(solution)



        
          
        

    

  


  

      

          @spec fixed_vehicle_cost(t()) :: non_neg_integer()


      


Returns the total fixed vehicle cost of the solution.

  



  
    
      
    
    
      group_feasible?(solution)



        
          
        

    

  


  

      

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


      


Checks if the solution is group feasible (same-vehicle constraints satisfied).
Returns true if all clients in each same-vehicle group that are visited
are on the same route.

  



  
    
      
    
    
      has_excess_distance?(sol)



        
          
        

    

  


  

      

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


      


Returns true if the solution has any excess distance.

  



  
    
      
    
    
      has_excess_load?(sol)



        
          
        

    

  


  

      

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


      


Returns true if the solution has any excess load.

  



  
    
      
    
    
      has_time_warp?(sol)



        
          
        

    

  


  

      

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


      


Returns true if the solution has any time warp.

  



  
    
      
    
    
      num_clients(solution)



        
          
        

    

  


  

      

          @spec num_clients(t()) :: non_neg_integer()


      


Returns the number of assigned clients in the solution.

  



  
    
      
    
    
      num_routes(solution)



        
          
        

    

  


  

      

          @spec num_routes(t()) :: non_neg_integer()


      


Returns the number of routes in the solution.

  



  
    
      
    
    
      overtime(sol)



        
          
        

    

  


  

      

          @spec overtime(t()) :: non_neg_integer()


      


Returns the total overtime of the solution (sum across all routes).

  



  
    
      
    
    
      penalised_cost(solution, cost_evaluator)



        
          
        

    

  


  

      

          @spec penalised_cost(t(), reference()) :: non_neg_integer()


      


Returns the penalised cost of the solution given a cost evaluator.

  



  
    
      
    
    
      reload_cost(sol)



        
          
        

    

  


  

      

          @spec reload_cost(t()) :: non_neg_integer()


      


Returns the total reload cost of the solution.

  



  
    
      
    
    
      route(solution, idx)



        
          
        

    

  


  

      

          @spec route(t(), non_neg_integer()) :: ExVrp.Route.t()


      


Returns the route at the given index as a Route struct.
The returned Route struct has its solution_ref and route_idx populated,
enabling methods like Route.distance/1, Route.feasible?/1, etc.
Example
{:ok, result} = Solver.solve(model)
route = Solution.route(result.best, 0)
Route.distance(route)

  



  
    
      
    
    
      route_centroid(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_centroid(t(), non_neg_integer()) :: {float(), float()}


      


Returns the centroid of a specific route as {x, y}.

  



  
    
      
    
    
      route_delivery(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_delivery(t(), non_neg_integer()) :: [non_neg_integer()]


      


Returns the delivery load of a specific route in the solution.

  



  
    
      
    
    
      route_distance(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_distance(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the distance of a specific route in the solution.

  



  
    
      
    
    
      route_distance_cost(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_distance_cost(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the distance cost of a specific route.

  



  
    
      
    
    
      route_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_duration(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the duration of a specific route in the solution.

  



  
    
      
    
    
      route_duration_cost(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_duration_cost(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the duration cost of a specific route.

  



  
    
      
    
    
      route_end_depot(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_end_depot(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the end depot of a specific route.

  



  
    
      
    
    
      route_end_time(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_end_time(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the end time of a specific route.

  



  
    
      
    
    
      route_excess_distance(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_excess_distance(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the excess distance of a specific route.

  



  
    
      
    
    
      route_excess_load(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_excess_load(t(), non_neg_integer()) :: [non_neg_integer()]


      


Returns the excess load of a specific route (per dimension).

  



  
    
      
    
    
      route_feasible?(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_feasible?(t(), non_neg_integer()) :: boolean()


      


Checks if a specific route in the solution is feasible.

  



  
    
      
    
    
      route_has_excess_distance?(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_has_excess_distance?(t(), non_neg_integer()) :: boolean()


      


Checks if a specific route has excess distance.

  



  
    
      
    
    
      route_has_excess_load?(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_has_excess_load?(t(), non_neg_integer()) :: boolean()


      


Checks if a specific route has excess load.

  



  
    
      
    
    
      route_has_time_warp?(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_has_time_warp?(t(), non_neg_integer()) :: boolean()


      


Checks if a specific route has time warp.

  



  
    
      
    
    
      route_num_trips(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_num_trips(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the number of trips in a specific route.

  



  
    
      
    
    
      route_overtime(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_overtime(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the overtime of a specific route.

  



  
    
      
    
    
      route_pickup(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_pickup(t(), non_neg_integer()) :: [non_neg_integer()]


      


Returns the pickup load of a specific route in the solution.

  



  
    
      
    
    
      route_prizes(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_prizes(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the prizes collected on a specific route.

  



  
    
      
    
    
      route_reload_cost(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_reload_cost(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the reload cost of a specific route.

  



  
    
      
    
    
      route_schedule(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_schedule(t(), non_neg_integer()) :: [ExVrp.ScheduledVisit.t()]


      


Returns the schedule of a specific route.
The schedule contains detailed timing information for each visit, including
service start/end times, waiting times, and any time warp (late arrival).
Example
schedule = Solution.route_schedule(solution, 0)

Enum.each(schedule, fn visit ->
  IO.puts("Location #{visit.location}: #{visit.start_service}-#{visit.end_service}")
end)

  



  
    
      
    
    
      route_service_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_service_duration(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the service duration of a specific route.

  



  
    
      
    
    
      route_slack(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_slack(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the slack time of a specific route.

  



  
    
      
    
    
      route_start_depot(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_start_depot(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the start depot of a specific route.

  



  
    
      
    
    
      route_start_time(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_start_time(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the start time of a specific route.

  



  
    
      
    
    
      route_time_warp(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_time_warp(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the time warp of a specific route.

  



  
    
      
    
    
      route_travel_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_travel_duration(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the travel duration of a specific route.

  



  
    
      
    
    
      route_vehicle_type(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_vehicle_type(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the vehicle type of a specific route.

  



  
    
      
    
    
      route_visits(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_visits(t(), non_neg_integer()) :: [non_neg_integer()]


      


Returns the visits (client indices) of a specific route.

  



  
    
      
    
    
      route_wait_duration(solution, route_idx)



        
          
        

    

  


  

      

          @spec route_wait_duration(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the wait duration of a specific route.

  



  
    
      
    
    
      routes(solution)



        
          
        

    

  


  

      

          @spec routes(t()) :: [ExVrp.Route.t()]


      


Returns all routes as Route structs.
Each returned Route struct has its solution_ref and route_idx populated,
enabling methods like Route.distance/1, Route.feasible?/1, etc.
Example
{:ok, result} = Solver.solve(model)
routes = Solution.routes(result.best)

Enum.each(routes, fn route ->
  IO.puts("Route distance: #{Route.distance(route)}")
end)

  



  
    
      
    
    
      time_warp(sol)



        
          
        

    

  


  

      

          @spec time_warp(t()) :: non_neg_integer()


      


Returns the total time warp of the solution (sum across all routes).

  



  
    
      
    
    
      unassigned(solution)



        
          
        

    

  


  

      

          @spec unassigned(t()) :: [non_neg_integer()]


      


Returns a list of unassigned client indices.

  


        

      


  

    
ExVrp.NotImplementedError exception
    



      
Raised when a NIF function is not yet implemented.
This error is temporary during development and will be removed
once all C++ bindings are complete.

      




  

    
ExVrp.SolveError exception
    



      
Raised when the solver fails to find a solution.

      




  

    
ExVrp.ValidationError exception
    



      
Raised when model validation fails.

      




  

    
mix benchmark 
    



      
Run benchmarks on VRPLIB instances and check for quality regressions.
Runs each instance with multiple seeds (42, 1, 1337). Checks seed=42
distance against expected values and verifies all seeds produce feasible
solutions.
Usage
mix benchmark                       # Run all instances
mix benchmark --set rc208           # Run specific instance
mix benchmark --quick               # Quick subset (ok_small, e_n22_k4)
mix benchmark --iterations 500      # Custom iteration count
mix benchmark --save results.json   # Save results to file
Available instances
	ok_small, e_n22_k4, rc208, pr11a, c201, x101, x115, pr01, pr107, p06, small_vrpspd, gtsp
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